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PREFACE 

This document was prepared by Tetra Tech, Inc. for the U.S. Environ
mental Protection Agency (EPA) Region X, Office of Puget Sound under the 
Elliott Bay Action Program work assignment of U.S. EPA Contract No. 
68-02-4341. The primary objective of the Elliott Bay Action Program is to 
identify toxic contamination and appropriate corrective actions in Elliott 
Bay and the lower Duwamish River. Corrective actions include source 
controls and sediment remedial actions. An Interagency Work Group, 
comprising representatives from the U.S. EPA, Washington Department of 
Ecology, and other resource management agencies, provides techn i ca 1 

oversight for all work conducted under this work assignment. 

In this report, preferred alternatives for the remediation of contam
inated sediments in two Elliott Bay problem areas are identified. Preferred 
alternatives are assembled and selected based on sediment characteristics, 
environmental factors, and on the criteria of effectiveness, implement
ability, and cost. The intent of this document is to provide guidance to 
federal, state, and local agencies in the remediation of toxic contamination 
in Elliott Bay. 

The following reports are also associated with this work assignment: 

■ Analysis of toxic problem areas (PTI and Tetra Tech 1988) 

■ Evaluation of potential contaminant sources 

■ Development of a revised action plan 

■ Evaluation of the relationship between source control and 
mitigation of contaminated sediments (Tetra Tech 1988c) 

ii 
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■ Development of a storm drain monitoring approach (Tetra Tech 
1988b) 

■ .Development of a receiving environment monitoring approach. 

i i i 
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1.0 INTRODUCTION 

1.1 OBJECTIVES 

The objective of this document is to describe and evaluate remedial 
alternatives for two highly contaminated problem areas in Elliott Bay, 
Seattle, Washington. This document is also intended to support the 
development of guidelines for evaluating sediment remedial actions, as 
specified in Element S-7 of the sediment remedial program in the Puget Sound 

Water Quality Management Plan [Puget Sound Water Quality Authority (PSWQA) 
1987]. 

The two problem areas addressed herein were selected by the IAWG on the 
basis of observed high chemical contaminant concentrations in sediments and 
associated adverse environmental effects. The areas were also chosen 
because ancillary offshore and source data from previous studies of those 
sites were available (summarized in PTI and Tetra Tech 1988; Tetra Tech, in 
preparation). One of the two areas selected by the IAWG was the offshore 
area in the vicinity of the Denny Way combined sewer overflow (CSO). In 
this repo_rt, this site wil 1 be ref erred to as the Denny Way prob 1 em area. 
The other site se 1 ected by the work group was a 1 ong the north shore of 
Harbor Island and is referred to as the North Harbor Island problem area. 

1.2 OVERVIEW OF STUDY 

The assessment of sediment remedial alternatives is based on data 
collected. and compiled in support of the Elliott Bay Action Program, 
including problem area identification (PTI and Tetra Tech 1988), source 
evaluation (Tetra Tech in preparation), and evaluation of the relationship 
between source control and recovery of contaminated sediments (Tetra Tech 
1988c). 

1 
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The approach used to select sediment remedial alternatives is described 
in Sections 3.0-5.0. This approach is based on that used in the Commencement 
Bay Feasibility Study (Tetra Tech 1988a), and modified when necessary, for 

use in Elliott Bay. A brief description of this approach is provided in 
Section 2.0. 

Study area characteristics, problem chemicals, and sources of contami
nants are provided for each problem area in Section 3.0. In addition, the 
relationship between source control and sediment accumulation of problem 
chemicals is summarized in Section 3.0. Potentially applicable technologies 
for the remediation of contaminated sediments in the Elliott Bay study area 
are discussed in Section 4.0. In Section 5.0, generic sediment remedial 
alternatives are assembled and the various process options appropriate to 
each generic alternative are described. Guidelines to identify candidate 
process options and alternatives appropriate to the Elliott Bay problem 

areas are provided in Section 6.0. In Section 7 .0, the guidelines for 
determining appropriate sediment remedial alternatives are applied to the 
North Harbor Island and Denny Way CSO problem areas to identify preferred 
alternatives. 

1.3. STUDY AREA 

Elliott Bay is a small embayment (21 km2) located on the eastern shore 

of Puget Sound approximately midway between Admiralty Inlet and the Tacoma 
Narrows (Figure 1). The inner bay receives fresh water from the Duwamish 
River and most of the stormwater runoff from about 67 km2 of highly developed 
land in metropolitan Seattle. The nearshore areas of Elliott Bay have been 
altered substantially from their natural state by anthropogenic activities. 

The Duwami sh River is a sa 1 t-wedge estuary that is influenced by tidal 

action throughout the lower 16 km of the river (including all of the 
riverine habitat within the study area). The lower 10 km of the Duwami sh 
River is a straightened navigational channel that flows through heavily 
industrialized areas of the city. Harbor Island divides the river into the 

East and West Waterways near the mouth (Figure 2). The Duwamish drainage 
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,,,,., 

Figure 1. Project location: Elliott Bay and the lower Duwamish River. 
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Figure 2. Approximate problem area boundaries used for selecting 
sediment remedial alternatives: Denny Way and North 
Harbor Island. 
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basin (1,250 km2) includes large expanses of agricultural and forested lands 
in the upper basin. 

The Oenny Way and North Harbor Island sites (Figure 2) selected by the 
IAWG for assessment of sediment remedial alternatives are located within 
two of the high priority problem areas identified by PTI and Tetra Tech 
(1988). The Denny Way study site is located within the Seattle North 
Waterfront (NSI) problem area and the North Harbor Island study site is 
included within North Harbor Island-I (NHI) (Figure 3). These areas were 
identified as priority problem areas based on combined significant elevations 
of contaminant concentrations in sediments, fish pathology, and bioaccumula
tion (PTI and Tetra Tech 1988). The selected sites are described in greater 
detail in Section 3.0. 
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2.0 TECHNICAL APPROACH 

The approach for assessment of remedial alternatives in Elliott Bay 
includes the following individual components (Tetra Tech 1988a): 

■ Ident1f1cation of sediment cleanuE)Tetra Tech 1986; 

Tetra Tech 1987b) ~d -~ AE7 

■ Identification and prioritization of problem areas and problem 
chemicals (PTI and Tetra Tech 1988) 

■ Evaluation of major sources (Tetra Tech in preparation) 

■ Development of an anal yt i cal approach 1) to establish the 
relationship between source loading and sediment accumulation 
of problem chemicals, and 2) to evaluate natural recovery of 
sediments following control of sources (Tetra Tech 1988c) 

■ Identification and screening of candidate sediment remedial 
alternatives 

■ Identification of preferred alternatives. 

Each of the individual components is an integral part of the overall 
remediation effort. Development of sediment cleanup goals was performed 
during the Puget Sound Dredge Disposal Analysis Program (Tetra Tech 1986) 
and the Commencement Bay Feasibility Study (Tetra Tech 1987b). The following 
three components· in the list were initiated under the Elliott Bay Action 
Program. Assessment of candidate sediment remedial alternatives is the 
focus of this document. The components of the techn i ca 1 approach for 
assessing remedial alternatives are discussed briefly in the following 
sections. 
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2.1 SEDIMENT CLEANUP GOALS 

A working definition of acceptable chemical concentra · sediments 
(Is- ~rior to evaluating sediment remedial alternatives. Because 
criteria for _sediments are not yet available..L sediment cleanup goals are 
based on the "apparent effects threshold" (AET) approach (Tetra Tech 1986). 
The focus of the AET approach is to identify concentrat i ans of chemi ca 1 
contaminants in sediments that are associated with statistically significant 
biological effects (relative to reference conditions}. Biological indicators 
used to develop AET values include: 

■ Depression in abundances of major taxonomic groups of benthic 
infauna (e.g., Crustacea, Mollusca, Polychaeta) 

■ Amphipod mortality bioassay using Rhepoxynius abronius 

■ Oyster larvae abnormality bioassay using Crassostrea .9.lllll 

■ Microtox bioluminescence bioassay using Photobacterium 
phosphoreum. 

For a given chemical and a specific biological indicator, the AET is the 
concentration above which statistically significant biological effects 
occurred in all samples of sediments analyzed. 

AET values have been proposed for 64 organic and inorganic toxic 
chemicals using synoptic chemical and biological data from 200 stations in 
Puget Sound (Tetra Tech 1987b). For each chemical, a separate AET was 
developed for each biological indicator listed above, resulting in four sets 
of AET values. A list of the hi hest and lowest AET for each chemica is 
provided in Table 1. Sediment cleanup goals' re based on the lowest AET 

value for problem chemicals. / -~JZ,.,, ~ ~/ 

~~;;_ -rJp---~ 
?/~ 
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TABLE 1. PUGET SOUND AET VALUES 
{ug/kg dry weight= ppb for organic compounds; 

mg/kg dry weight= ppm for metals) 

Lowest AETa 

LPAHb 5,200 

Naphthalene 2,100 
Acenaphthylene 560 
Acenaphthene 500 
Fl uorene 540 
Phenanthrene 1,500 
Anthracene 960 

HPAHC 12,000 

Fl uoranthene 1,700 
Pyrene 2,600 
Benzo{a)anthracene 1,300 
Chrysene 1,400 
Benzofluoranthenes 3,200 
Benzo(a)pyrene 1,600 
Indeno{l,2,3-c,d)pyrene 600 
Dibenzo(a,h)anthracene 230 
Benzo(g,h,i)perylene 670 

Total PCBs 130 

Total Chlorinated Benzenes 170 

1,3-Dichlorobenzene 
1,4-Dichlorobenzene 110 
1,2-Dichlorobenzene 35 
1,2,4-Trichlorobenzene 31 
Hexachlorobenzene 70 

Total Phthalates 3,300 

Dimethyl phthalate 71 
Diethyl phthalate 
Di-n-butyl phthalate 1,400 
ButyJ benzyl phthalate 63 
Bis(2-ethylh_exyl) phthalate 1,900 

9 

Highest AET 

6,100 

2,400 
640 
980 

1,800 
5,400 
1,900 

38,000 

9,800 
11,000 
4,500 
6,700 
8,000 
6,800 

880 
1,200 
5,400 

2,500 

680 

260 
50 
64 

230 

3,400 

160 
200 

1,400 
470 

1,900 
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TABLE 1. {Continued) 

Pesticides 

4,4' -ODE· 
4,4'-DDD 
4,4'-DDT 

Phenols 

Phenol 
2-Methylphenol 
4-Methylphenol 
2,4-Dimethyl phenol 
Pentachlorophenol 
2-Methoxyphenol 

Miscellaneous Extractables 

Hexachlorobutadiene 
1-Methylphenanthrene 
2-Methylnaphthalene 
Biphenyl 
Dibenzothiophene 
Dibenzofuran 
Benzyl alcohol 
Benzoic acid 
n-Nitrosodiphenylamine 

Volatile Organic Compounds 

Tetrachloroethene 
Ethyl benzene 
Total xylenes 

Metals 

Antimony 
Arsenic 
Cadmium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 

10 

Lowest AETa 

9 
2 
3.9 

420 
63 

670 
29 

930 

120 
310 
670 
260 
240 
540 

57 
650 

40 

140 
33 

100 

3.2 
85 
5.8 

310 
300 

0.41 
28 
5.2 

260 

Highest AET 

15 
43 
11 

1,200 
63 

1,200 
29 

930 

290 
370 
670 
270 
250 
540 

73 
650 
220 

140 
37 

120 

26 
700 

9.6 
800 
700 

2.1 
49 
5.2 

1,600 
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Table 1. (Continued) 

a By definition, the lowest AET is the sediment cleanup goal. 

b LPAH = ~ow molecular weight polynuclear aromatic hydrocarbons. 

c HPAH = High molecular weight polynuclear aromatic hydrocarbons. 

Reference: Tetra Tech (1987b). 
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2.2 IDENTIFICATION OF PROBLEM AREAS AND PROBLEM CHEMICALS 

The identification and subsequent ranking of problem areas and problem 
chemi ca 1 s -in Elliott Bay were performed under the El 1 i ott Bay Action Program 
(PTI and Tetra Tech 1988). Synoptic sediment chemistry data, sediment 
toxicity, and benthic infauna data were used to characterize the environ
mental hazard of contaminated sediments in the nearshore region (i.e., less 
than about 50 m deep) of El 1 i ott Bay and the 1 ower Duwami sh River. The 
magnitude and spatial distribution of sediment contamination in the North 
Harbor Island and Denny Way CSO problem areas in Elliott Bay are summarized 
in Section 3.0. 

Problem chemicals were assigned priority based on the relative number 
of stations in each study area where concentrations exceeded the sediment 
cleanup goal. Chemistry data compiled from the following references were 
utilized to identify the problem chemicals in each of the study areas: 

■ Denny Way 

Malins et al. 1980 
Romberg et al. 1984 
Romberg et al. 1987 
PTI and Tetra Tech 1988 

■ North Harbor Island 

Malins et al. 1980 
U.S. EPA 1982; 1983 
Romberg et al. 1984 
Stober and Chew 1984 
Gamponia et al. 1986 
PT! and Tetra Tech 1988. 

These data are presented in Appendices A and B. 

12 
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For chemicals that were measured at multiple stations within a problem 
area, a high priority was assigned if the compound was detected at a 
concentration greater than the sediment cleanup level in at least 40 percent 
of the samples. A low priority was assigned to chemicals that were detected 
at a frequency of 40 percent or less. In addition, a low priority was 
assigned to contaminants which were analyzed for at only one station within 
a problem area. 

Because of the difficulty in evaluating remedial alternatives for 
problem areas impacted by a wide variety of chemical compounds, a set of 
"indicator chemicals" was defined for the Denny Way and North Harbor Island 
problem areas. The indicator chemicals are a subset of each area's problem 
chemicals. Indicator chemicals were selected based on the following 
criteria: 

■ Frequency of sediment cleanup goal exceedance 

■ Spatial distribution of concentrations exceeding the cleanup 
goals 

■ Magnitude of cleanup goal exceedance 

■ Resistance to degradation. 

The ratio of contaminant concentration in surface sediments to its respective 
cleanup goal {C0/Cg) {the enrichment ratio) was used to evaluate the 
frequency, distribution, and magnitude of cleanup goal exceedance. A 

schematic of the process used to identify high priority, low priority, and 
indicator chemicals is presented in Figure 4. 

2.3 EVALUATION OF MAJOR SOURCES 

An evaluation of potential contaminant sources in Elliott Bay is 
currently being conducted as a component of the Elliott Bay Action Program 
(Tetra Tech in preparation). Without source control, sediment quality in 

13 
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WAS THE CHEMICAL 
ANALYZED MORE THAN ONCE? 

YES 

' , 
WAS THE CONCENTRATION 

GREATER THAN THE TARGET 
CLEANUP GOAL AT LEAST 
40 PERCENT OF THE TIME? 

YES 

, , 

HIGH PRIORITY 
CHEMICAL 

, , 
IDENTlFV THE CU>.SS OF 
COMPOUNDS IN WHICH 
THIS COMPOUND LIES 

', 

NO 

NO 
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newly remediated problem areas would degrade in response to inputs of contam
inated sediments. 

PoteDtial sources, such as CSOs and storm drains, are being identified 
and ranked based on chemical contaminant concentrations measured in sediments 
collected from the drains (Tetra Tech in preparation). The source evaluation 
focuses on the high priority problem areas identified in the receiving 
environment (PTI and Tetra Tech 1988). Relationships between potential 
sources and problem areas are being evaluated using available source and 
offshore sediment chemistry data, and ancillary information on drainage 
basin characteristics, industrial activities, and hi stori ca_l sources. The 
status of contaminant sources in the Denny Way CSO and North Harbor Island 
problem areas is summarized in Sections 3.1.3 and 3.2.3. 

2.4 RESPONSE OF SEDIMENTS TO SOURCE CONTROL 

The evaluation of the relationship between source control and sediment 
accumulation of contaminants is essential to the development of sediment 
recovery scenarios and the identification of appropriate sediment remedial 
alternatives. Following source control, the deposition of clean sediment 
will tend to mitigate chemical contamination and associated adverse 
environmental effects in surface sediments. 

An analytical approach was developed to evaluate the relationship 
between source control and sediment recovery in the Commencement Bay 
Feasibility Study (Tetra Tech 1987a). In that study, sediment recovery in 
contaminated problem areas was predicted through the application of the 
Sediment Contamination Assessment Model (SEDCAM). SEDCAM is a mass balance 
equation that attempts to predict the sediment concentration of contaminants 
in relation to source loading, sedimentation rates, mixing, biodegradation, 
and loss across the sediment-water interface. To apply this approach, it 
was necessary to estimate the degree of source control that is feasible for 
individual problem areas. 

The model was also applied to the two problem areas in Elliott Bay to 
assess the potential success of source control (Tetra Tech 1988c). Results 
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from the application of the model to the Denny Way CSO and North Harbor 
Island problem areas were used in this study to determine the necessity of 
additional corrective actions such as sediment remediation (see Sections 
3.1.4 and-3.2.4). 

2.5 SEDIMENT REMEDIAL ALTERNATIVES 

Sediment remedial alternatives were developed through the following 
steps (Tetra Tech 1988a): 

■ Develop a thorough list of available remedial technologies 
for the isolation, removal, treatment, and/or disposal of 
contaminated sediments 

■ Conduct an initial screening of available remedial tech
nologies to identify candidate technologies that may be 
appropriate for the study area 

■ Develop specific combinations of appropriate technologies to 
define a wide range of complete sediment remedial alternatives 

■ Screen the candidate sediment remedial alternatives to 
develop a discrete and concise set of alternatives appropriate 
for the individual problem area. 

Through this process, different sediment remedial alternatives were developed 
that can be applied on an area-wide basis to the Elliott Bay problem areas. 

Remedial technologies and corresponding process options were identified 
within seyen response action categories: no action, institutional controls, 
in situ containment, removal, in situ treatment, post-removal treatment, and 
disposal. Through an initial screening process, technologies and process 
options were eliminated as not being appropriate at this time for the 
Elliott Bay problem areas. The sediment remedial technologies and process 
options that passed the initial screening were combined to form area-wide 
alternatives: 
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■ No action 

■ .Institutional controls 

■ In situ containment 

■ Removal and disposal 

■ Removal, treatment, and disposal. 

The area-wide alternatives were then screened to develop a specific set of 
alternatives for each problem area. 

Implementation of preferred sediment remedial alternatives must be 
coordinated with source controls, if acceptable sediment quality is to be 
maintained. Institutional requirements, source control measures, and 
sediment remedial actions will be incorporated in the Elliott Bay Revised 
Action Plan (PTI and Tetra Tech in preparation) to identify, prioritize, 
and integrate remedial activities. The overall objective of this plan is to 
outline actions by individual agencies and cooperative efforts among the 
agencies to correct identified problems in Elliott Bay. 

2.6 SELECTION OF PREFERRED ALTERNATIVES 

A detailed analysis of sediment remedial alternatives and selection of 
preferred alternatives is the final stage of the evaluation process (Tetra 
Tech 1988a). Evaluation criteria for the detailed analysis can be grouped 
into three general categories: effectiveness, imp 1 ementabi 1 i ty, and cost. 
Four effectiveness criteria were used: short-term protectiveness; timeliness; 
long-term effecti-veness; and reduction in contaminant toxicity, mobility, or 
volume. Three implementability criteria have been included: technical 
feasibility, institutional feasibility, and availability of disposal 
facilities. Cost criteria were divided into: 1) initial costs, including 
design and specification preparation and capital construction; and 2) 
operation and maintenance (O&M) costs, including monitoring. A present 
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value analysis was used for cost comparisons using the lowest AET cleanup 
goals to define the area requiring remediation. 

A matrix comparison process was used to support the eva 1 uat ion of 
alternatives for each problem area. First, a narrative matrix was prepared 
to provide a complete analysis of all criteria. Second, an evaluation 
summary matrix was prepared using a reduced set of criteria. Each alterna
tive was rated as either low, moderate, or high with respect to meeting each 
of the summary criteria. A preferred alternative was then selected for 
sediment remediation in each problem area. 
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3.0 DESCRIPTION OF PROBLEM AREAS 

3 .1 DENNY WAY 

3.1.1 Site Description 

The Denny Way problem area is 1 ocated north of the downtown Seattle 
area offshore of the Denny Way CSO outfall (Figure 2). This area is 

characterized by high concentrations [i.e., exceeding high AET values (HAET) 
(Table 1)] of mercury, silver, polycyclic aromatic hydrocarbons (PAH), 

polychlorinated biphenyls (PCBs), and several chlorinated pesticides (PTI 

and Tetra Tech 1988). 

Although contaminant loading from the Denny Way CSO has been decreasing 

in recent years, this CSO has been identified as a major contributor of 

chemical contaminants to bottom sediments near the site (Romberg et al. 
1987). Elevated concentrations of organic compounds and heavy metals are 
present in bottom sediments near the outfall (Tomlinson et al. 1980; Malins 
et al. 1980; Romberg et al. 1984; Romberg et al. 1987). In addition, 

altered benthic communities have been observed concomitant with elevated 

chemical concentrations in the vicinity of the outfall (Armstrong et al. 

1978; Cominskey et al. 1984; Chapman et al. 1982). Recent source control 

efforts by Metro have reduced toxicant loading to the CSO (Romberg et al. 
1987). However, sediment remedial actions may be required to improve 

environmental conditions in offshore sediments. 

3.1.2 Indicator Chemicals 

Mercury, fl uoranthene, chrysene, butyl benzyl phtha 1 ate, bis ( 2-ethyl -

hexyl)phthalate, and total PCBs were selected as indicator chemicals for the 
development of sediment recovery scenarios and evaluation of sediment 

remedial alternatives. Table 2 identifies all of the compounds determined 

to have an enrichment ratio [i.e., ratio of contaminant concentration in 
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Phenanthrene 
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Acenaphthene 
Total LPAH 

HPAH 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(a)pyrene 
lndeno(1,2,3·cd)pyrene 
Benzo(g,h,i)perylene 
Benzo(~k)floranthene 
Total HPAH 

Phthalates 
Butylbenzylphthalate 
di·n·butyl phthalate 
Dimethylphthalate 
Bis (2-ethylhexyl) phthalate 
Total phthalates 

TABLE 2. 

Largest 
Enrichment 

Ratio 

1.1 
1.8 
1.6 
2.1 
6.4 

66 
42 
58 
26 
36 

36 
14 

8.2 
19 

4.7 
2.2 
2.1 
5.1 

13 

29 
1.2 
2.5 

28 
17 

IDENTIFICATION OF INDICATOR CHEMICALS IN DENNY \IAY CSO OFFSHORE SEDIMENTS 

Nl.ilber of Nwber of PTI 
Historical and Tetra Tech (1988) Total No. of Nwber Percent of 

Analyses with Analyses with Analyses with of Sanples Sanples with, 
Ratio >1 Ratio >1 Ratio >1 Analyzed Ratio >1 

2 0 2 35 6 
6 0 6 42 14 
1 1 2 7 29 

14 0 14 42 33 
32 1 33 36 92 

8 0 8 24 33 
6 0 6 25 24 
4 0 4 21 19 
1 0 1 21 5 
3 0 3 21 14 

10 0 10 25 40 
6 0 6 25 24 
8 0 8 23 35 

10 0 10 23 43 
6 0 6 23 26 
8 0 8 23 35 
7 0 7 22 32 
4 0 4 21 19 
7 0 7 21 33 

17 0 17 21 81 
2 0 2 22 9 
1 0 1 22 5 

13 0 13 20 65 
13 0 13 21 62 
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4,4' ·DDT 24 
Total PCBs 20 
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Phenol 4.5 
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surface sediments relative to its respective cleanup goal (C0/Cg)] greater 
than 1 for at least one of the 42 stations. Locations of the 41 (including 
1 duplicate station) sampling stations are presented in Figure 5. Areal 
distributions of the indicator chemicals are presented in Figures 6-11. 

Appendix A summarizes the data evaluated to identify the indicator chemicals 
in the Denny Way problem area. 

3.1.3 Source Summary 

The Denny Way CSO has a shoreline discharge at the north end of Seattle 
(Figure 2) and is the largest CSO discharging untreated wastewater into 
Elliott Bay. It discharges a tot a 1 average vo 1 ume of 500 million ga 1/yr 
from approximately 30 to 60 times in a given year when trunk lines leading 
to the municipal wastewater treatment plant overflow. These are referred to 
as overflow events. The service area consists of approximately 1,900 ac of 
mixed residential and commercial land. 

Metro's Toxicant Pretreatment Planning Study (TPPS) (Cooley et al. 
1984) is the primary source of information on the chemi ca 1 composition of 
CSO discharges to Elliott Bay. In addition to the TPPS data, the Denny Way 
CSO has been sampled as part of other Metro CSO studies (Tomlinson et al. 
1976; 1980). Comparisons between available water quality criteria and 
concentrations of chemical contaminants in the CSO discharge samples 
indicated exceedance of criteria for metals such as copper, silver, and 
zinc. Characterization of contaminant loading in CSO discharge samples has 
been hampered by natural variations in environmental conditions and by the 
relatively limited number of samples collected. 

In 1986, Metro conducted a trial study in the Denny Way CSO drainage 
basin to determine if toxi cant sources could be i dent i fi ed and reduced 
(Romberg et al. -1987). As part of the investigation, Metro developed an 
inventory of 530 potential sources in the drainage basin based on Standard 
Industrial Codes (SIC) and addresses from tax records. A questionnaire on 
wastewater discharges and chemical use was sent to those businesses 
identified as potential sources. Fifty-four percent of the businesses 
contacted responded to the questionnaire. Those businesses that failed to 

22 

ouw 80036766 
BVL 

B-DUW2-2073237 



ec060 

•2 

e10041 

•S0032 •6 

e1612 

e14A 

0 300 600 
feet 

!!!!!!!!!!!!!!!!!!!!!!!!liiiiiiiiiiiiiiiiiiiiiil!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! meters 
--- -

0 

e16 

•7 e17 e 27 

• 25A •a e1a e2e 

100 

DENNY WAY 
CSO OUTFALL 

200 

e1406 eg e19 

e4 e10 •20 

e13 e26A e11 •
21 

··:.:·._. .. 

e12 ··.-•::•.::: .. 

•30A •·· 

e8060 

•1706 

e1a10 

eA060 
•s 

e23 

.... ·.·:-: ............ 
-:::.·:.·:::: 

;;.;.-""""""•:._•.: ..... .-~ ..... :.· ... ·· ... ·, .... · 
RMERPIER71 

Figure 5. Sampling station locations in the Denny Way problem area. 
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respond were visited or contacted by phone. Ninety-six potential sources 
were selected based on the results of the questionnaire survey. These 
sources were visited by Metro inspectors to confirm the questionnaire survey 
responses-and to collect information to help develop practical source control 
strategies. In addition, sediment and wastewater samples were collected at 
key points within the CSO system (Figure 12) and analyzed for metals and 
organic toxicants. Wastewater samples were collected for two different 
events at most stations and sediment samples were collected once at each 
station (Romberg et al. 1987). 

The highest metals concentrations in both wastewater and sediment 
samples were measured in stations downstream of two industrial laundries 
that discharge wastewater to the Denny Way CSO. In addition, a large volume 
of accumulated sediments in one part of the CSO system (Lake Union Tunnel), 
located downstream of both laundries, was found to have high metals 
concentrations. Both laundries installed new pretreatment equipment in 1986 
to reduce the toxicant loadings in their discharges. Based on preliminary 
data, metals loadings in sediments and wastewater were estimated to have 
been reduced by 50 percent for copper, 77 percent for lead, and 24 percent 
for zinc after the pretreatment systems were installed (Romberg et al. 
1987). 

High concentrations of chromium and mercury in in-line discharge samples 
were traced to a movie film developing facility. The facility has been 
directed to use proper disposal practices, and as a result, the toxicant 
input from this source is expected to be eliminated or greatly reduced 
(Romberg et al. 1987). 

Analyses of organic compounds were generally not as effective in 
tracing cqntaminant sources as with the analyses of metals because of large 
variations in organic compound concentrations among different sampling 
events at one station. However, concentrations of toluene, tetrachloro
ethane, and ethyl benzene were typically highest in the wastewater samples 
collected downstream of the two industrial laundries (Romberg et al. 1987). 
These three volatile organic compounds were also present at relatively high 
concentrations in sediment samples collected immediately downstream of the 
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laundries. In addition, naphthalene appeared to be associated with the 
industrial laundries, because it was only present (8.5-170 ug/L) in 
wastewater samples collected downstream of these two industrial laundries. 

Metro is currently evaluating removal of the contaminated sediments in 
the Lake Union Tunnel to prevent them from being flushed into Elliott Bay. 
In addition, improvements in the stormwater routing program to enhance in-
1 ine storage, and a notification and control system to reduce source 
toxicant discharges when overflows occur are under consideration (Romberg et 
a 1 . 1987) . Projected stormwater separation measures are anticipated to 
reduce the number of CSO events from 50 events/yr to approximately 10 
events/yr by the mid-1990s (Romberg and Sumeri 1988). 

3.1.4 Source Control and Sediment Recovery 

The relationship between source control and accumulation of chemical 
contaminants in Denny Way problem area sediments was evaluated through 
application of SEDCAM. The model and the results for the Denny Way problem 
area are reported in full in Tetra Tech (1988c). A summary of those results 
is presented below. 

Key variables in understanding the sediment accumulation process 
include: 

■ Concentration of problem chemicals in recently deposited 
material 

■ Concentration of problem chemicals in surface sediments 

■ Sedimentation rate 

■ Depth of the mixed layer 

■ Rate at which problem chemicals are lost due to biodegradation 
and diffusion across the sediment-water interface. 
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The depositional parameters in the Denny Way problem areas were 
estimated based on studies performed by Romberg et al. (1987) in the vicinity 
of the outfall and by Carpenter et al. (1985) in shallow central Puget Sound 
bays. Two sedimentation rates (0.2 and 0.7 cm/yr) were selected for the 
model to provide a range in sediment recovery scenarios in this area (Tetra 
Tech 1988c). The lower rate is conservative and results in the longest 
sediment recovery time estimates. A mixing depth of 10 cm was selected for 
the mode 1 based on sediment profiles from cores co 11 ected in Commencement 
Bay (Tetra Tech 1987a) and other central Puget Sound shallow bays (Carpenter 
et al. 1985). Losses due to biodegradation and diffusion were determined to 
be negligible. The model was applied for the indicator chemicals noted in 
Section 3 .1. 2. 

Results of the model application to the Denny Way problem area are 
presented in Figure 13 and are summarized below: 

■ At a sedimentation rate of 0.2 cm/yr, acceptable sediment 
concentrations (i.e., below cleanup goals) of the indicator 
chemicals will not be achieved before 90 yr after all 
contaminant loading has been eliminated 

■ Acceptable surface sediment concentrations are predicted to 
be achieved within 55 yr at a sedimentation rate of 0.7 cm/yr. 

Thus, regardless of the sedimentation rate, elimination of sources of 
contaminants alone is not expected to result in sediment recovery in the 
Denny Way problem area within a reasonable timeframe because of the current 
level of contamination. 

3.2 NORTH HARBOR ISLAND 

3.2.1 Site Description 

Harbor Island is located approximately 1 mi southwest of downtown 
Seattle, WA, where the Duwamish River flows into Elliott Bay (Figure 2). 
Harbor Island is a 405-ac island that was constructed during the early 1900s 
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in an area consisting of i ntert i da 1 wet lands at the mouth of the Duwami sh 
River. The island was created using sediments dredged to facilitate 
navigation in the lower Duwamish River and the West Waterway. Subsequently, 
debris from demolition and regrading projects in the Seattle area were used 
to complete construction of the island. Since construction, the island has 
been used for commercial and industrial activities. The commercial 
activities involve product storage and port and rail transport. Heavy 
industrial activities include secondary lead smelting, shipbuilding, and 
secondary metal processing. 

The Harbor Island site was listed in the Superfund National Priorities 
Li st in 1980. There are two major env i ronmenta 1 issues of concern for the 
site: 1) lead contamination from the previous operation of a secondary lead 
smelting facility on Harbor Island, and 2) releases of hazardous substances 
from other potential sources on the island. Background information 
pertaining to Harbor Island and the results of previous sampling efforts can 
be found in Black & Veatch (1985). 

The North Harbor Island study area selected for evaluation of sediment 
remedial alternatives is located along the island's northern waterfront 
areas {Figure 2). This area is characterized by high concentrations of 
PAH, PCBs, and several metals (including copper, mercury, lead, zinc, and 
arsenic) (PTI and Tetra Tech 1988). 

The following companies are located along the Harbor Island waterfront 
adjacent to the study area (Figure 14): 

■ Port of Seattle 

Knappton Maritime Corporation 

■ Todd Shipyards Corporation 

■ Mobil Oil Corporation 

35 

DUW 80036779 
BVL 

B-DUW2-2073250 



'YU121 

0S0083 

E39 

ES 

■ 10018 

♦ E38 
01 

NH-11 e 

11th Ave. S.W. 
CSOSD(077) 

E41 ♦ eww-20 
Os QW 

zo 
:,a: oc u,m 

0 
ii: 
0 

TODD 

0 400 800 - -- - feet 

·O 100 
meters 

200 

w 
:I 
~ 
ii: 
C 
:I 

z 
0 ... 
a. 
~ z 
:.: 

..I 

ID 
0 
:I Iii .. 

c,C, 
::, ::, 
a. ... 

C 
a. 

z 
0 
z 
::, 

LEGEND 

• TETRA TECH (THIS STUDY) 

0 GAMPONIA ET AL (1986) 

0 ROMBERG ET AL. (1984) 

'Y STOBER AND CHEW (1984) 

♦ U.S. EPA (1982, 1983) 

■ MALINS ET AL. (1980, 1982) 

0 TETRA TECH SOURCE 
SAMPLING STATION 

- SOURCE (INCLUDES 
STORM DRAINS AND CSOs) 
DISCHARGE LOCATION 
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waterfront. 
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■ Puget Sound Tug and Barge (subsidiary of Crowley Maritime 
Company) 

■ ·Union Pacific. 

3.2.2 Indicator Chemicals 

Mercury and tot a 1 PCBs were se 1 ected as indicator chemi ca 1 s for the 
development of sediment recovery scenarios and definition of the areal 
extent of contaminated sediments exceeding target cleanup goals at the North 
Harbor Island problem area. All compounds determined to have an enrichment 
ratio greater than 1 in one or more of the 20 samp 1 es co 11 ected in the 

problem area are shown in Table 3. Locations of the sampling stations are 
presented in Figure 15. Areal distributions of the indicator chemicals are 
presented in Figures 16 and 17. 

Additional chemicals which met the criteria for indicator chemicals 
(Section 2.4.1) included zinc, pyrene, and 2,4-dimethylphenol. These 
chemicals were not included when defining the areal extent of contaminated 
sediments because they are included within the area defined by mercury and 
tot a 1 PCBs. The 1 argest enrichment ratios of any chemi ca 1 measured in the 
North Harbor Island problem area was 60 for 4,4'-DDD {Table 3). This ratio 
was included in the development of sediment recovery scenarios (Section 
3.2.4). Appendix B summarizes the data evaluated to identify the indicator 
chemicals in the North Harbor Island problem area. 

3.2.3 Source Summary 

Harbor Island is served by a combination of city and private storm 
drain systems. The city system serves approximately 280 ac located primarily 
on the interior of the island (Tetra Tech 1988d). The exterior part of the 
island ( approximately 120 ac) immediately adjacent to the waterways and 
Elliott Bay is serviced by private storm drains that have been installed by 
individual property owners. Relatively little is known about these private 
drains because previous studies have concentrated on the larger city storm 
drain system (Tetra Tech 1988d). 
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TABLE 3. IDENTIFICATION OF INDICATOR CHEMICALS IN NORTH HARBOR ISLAND PROBLEM AREA SEDIMENTS 

Nuiber of Nuiber of PTI 
Largest Historical and Tetra Tech (1988) Total No. of Nl.llber Percent of 

Enrichment Analyses with Analyses with Analyses with of Sarrples Sarrples with 
Corrpou,d Ratio Ratio >1 Ratio >1 Ratio >1 Analyzeda Ratio'>1 

Metals 
Arsenic 6.6 3 1 4 19 21 
Copper 9.1 5 1 6 20 30 
Lead 3.2 2 1 3 20 15 
Mercury 34 13 3 16 20 80 
Zinc 12 7 1 8 20 40 

LPAH 
LPAH (total) 1.6 1 2 20 10 
Acenaphthene 1.9 1 2 20 10 
Fluorene 2.4 2 3 20 15 
Phenanthrene 2.5 2 3 20 15 
Anthracene 2.0 2 3 20 15 

w 
CX> HPAH 

HPAH (total) 10 4 2 6 20 30 
Fluoranthene 3.2 3 2 5 20 25 
Pyrene 46 7 1 8 20 40 
Benzo(a)anthracene 2.5 2 1 3 20 15 
Chrysene 3.1 1 3 4 20 20 
Benzo(b&k)fluoranthene 3.7 1 2 3 20 15 
Benzo(a)pyrene 6.3 1 1 2 20 10 
lndeno(1,2,3-cd)pyrene 9.7 1 3 4 20 15 
Dibenzo(a,h)anthracene 12.6 0 1 1 20 5 
Benzo(g,h,i)perylene 7.3 1 1 1 20 5 

4,4'-000 60 0 10 10 

Total PCBs 31 16 4 20 20 100 

Butyl benzyl phthalate 1.1 0 1 1 10 10 
2,4 - dimethylj:tlenol 7.2 4 DL>AETb 4 8 50 

01 t, 

8i a Station E4 was sampled in 1982 and 1983, and both sarrples are included in the nul!ber of sarrples analyzed. 
0:) 

b Method detection limit 0 for one of four samples exceded cleanup goal. 
0 
w 
O'I ....., 

0:) 
t\J 
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Figure 15. Locations of sampling stations from historical studies of 
sediment chemistry in the North Harbor Island problem area. 
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Figure 16. Areal distribution of mercury concentrations in North 
Harbor Island surficial sediments, normalized to the 
target cleanup goal (Co/~). 
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Figure 17. Areal distribution of total PCB concentrations in North 
Harbor Island surficial sediments, normalized to the 
target cleanup goal (Co'CQ). 
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There is only one city drain [11th Avenue SW CSO/storm drain (SD) 077] 
that discharges into the area selected for evaluation of sediment remedial 
alternatives (Figure 14). The 11th Avenue SW CSO/SD serves a 37 ac area 
located in the northeast corner of Harbor Island. Numerous private drains 
discharge into Elliott Bay along the north end of Harbor Island (Figure 14). 

A sediment sample was collected near the mouth of the 11th Avenue 
CSO/SD during the Elliott Bay Action Program source sampling program during 
1985 (Tetra Tech in preparation). Sediment from this drain exceeded HAET 
values for cadmium and lead. In addition, organic compounds identified as 
problem chemicals in this drain included PAH, PCB, 4-methylphenol, DDT, 
fluoranthene, and indeno (1,2,3-c,d)pyrene (Tetra Tech in preparation). 

Specific sources of cadmium and lead in the 11th Avenue CSO/SD basin 
have not been documented (Tetra Tech in preparation). There are two 
facilities in the area (a tugboat company and a bulk petroleum storage 
facility) that are included in Comprehensive Environmental Response, 
Compensation, and Liability (CERCLIS). Metals are included as a waste 
category for these sites (U.S. EPA, 22 October 1987, personal communication). 

Todd Shipyards has owned and operated a shipbuilding and repair 
business on North Harbor Island since approximately 1918. From 1918 until 
1952, the shipyard operated a repair facility, which included activities 
ranging from steel/hull repair, machining, blasting, and painting. In 1952, 
Todd Shipyards constructed shipbuilding ways and began building ships. In 
1983, the shipyard erected a recyclable steel shot blasting and coating 
facility, and discontinued using copper slay blasting material (Cargill, D., 
27 April 1988, personal communication). 

Solvents, acids, caustics, oils, oil/water mixtures, and paints have 
been identified as waste streams generated at the Todd facility. Heavy duty 
marine coatings, including primers/anticorrosives containing lead chromates 
and coal tar derivatives, anti-foulings high in copper content, and oil-based 
alkyd type finishing enamels have been used at the site. According to 
Metro (1983), shipyards along the Duwamish River have purchased slag from a 
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copper smelter in British Columbia. The copper content of this slag is 
reported to be approximately 1,000 mg/kg (Dexter et al. 1981). 

The .feasibility of source control at the North Harbor Isl and problem 
area has not _been determined. A remedial investigation to be conducted as 
part of the Harbor Island Superfund Phase I Remedial Investigation is 
scheduled to begin during the summer of 1988. The remedial investigation 

and subsequent feasibility study will define the nature and extent of 
contamination and provide for implementation of source control and cleanup 
of contaminated areas. The primary reason for not considering the entire 
NHI problem area (Figure 3) in the area selected for evaluation of sediment 

remedial alternatives (Figure 2) is the anticipated implementation of source 
control. 

3.2.4 Source Control and Sediment Recovery 

The relationship between source control and accumulation of contaminants 
in the North Harbor Island problem area sediments was evaluated through 
application of SEDCAM. The model and results for two Elliott Bay problem 
areas (Denny Way and Slip 4) are reported in full in Tetra Tech (1988c). 
Key variables are presented in Section 3.1.4. 

Sediment depositional parameters in the North Harbor Island problem 
area have not been characterized to date. Application of the model to this 

problem area is likely to be inconclusive until sedimentation rates are 
available. Two sedimentation rates (2.0 and 1.0 cm/yr) were selected for the 
model to provide a range in possible sediment recovery scenarios for this 
area. Deposition of sediment from the Duwami sh river offshore of North 
Harbor Island may result in higher sedimentation rates than those selected 

for the model. The 1 ower rate is conservative and results in the longest 
sediment recovery time. A mixing depth of 10 cm was selected for the model 
based on sediment profiles from cores collected in Commencement Bay (Tetra 

Tech 1987a) and other central Puget Sound shallow bays (Carpenter et al. 
1985). Losses due to biodegradation and diffusion were assumed to be 
negligible. The model was applied to the indicator chemicals mercury and 
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total PCBs. The enrichment ratio for 4,4'-DDD was also included to provide 
the most conservative estimate for sediment recovery. 

Results of the model application to the North Harbor Island problem 
area are show~ in Figure 18 and are summarized below: 

■ At a sedimentation rate of 1.0 cm/yr, acceptable sediment 
concentrations (i.e., below cleanup goals) of the indicator 
chemicals and 4,4'-DDD will not be achieved until about 40 yr 
after all contaminant loading has been eliminated 

■ Accept ab 1 e surface sediment concentrations are predicted to 
be achieved within 20 yr at a sedimentation rate of 2.0 cm/yr. 

The recovery times predicted above are based on the assumption that 
100 percent of the sources have been controlled, including those contributing 
contaminants to the sediment load of the Duwamish River. Control of all 
sources contributing contaminants to this area may be infeasible in the near 
future, and therefore, the recovery times shown above are optimistic. 
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Figure 18. Sediment recovery model results for the North Harbor Island problem 
area: enrichment ratio based on maximum concentration vs. sediment 
recovery given 100 percent source control for sedimentation rates 
of 2.0 cm/yr (a) and 1.0 cm/yr (b). 
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4.0 REMEDIAL TECHNOLOGIES 

Technologies that are potentially applicable to the remediation of 
contaminated media (i.e., sediment and contaminated dredge water) in the 
Elliott Bay study areas are described in this section. These technologies 
were characterized under the Commencement Bay Feasibility Study (Tetra Tech 
1988a). Both source control and sediment remedial technologies need to be 
evaluated before implementing response actions, as control of contaminant 
sources is essential to the overall approach to cleanup of problem sediments. 
An evaluation of potential sources of contaminants in the Elliott Bay study 
area is discussed in a separate report (Tetra Tech in preparation). The 
purpose of evaluating sediment remedial technologies is to screen or 
eliminate from further consideration technologies that are inappropriate 
based on technical implementability, given the nature and extent of 
contamination and physical characteristics at a given site. The over a 11 
approach to the remediation of a contaminated problem area can be termed a 
response action. Response act i ans fa 11 into six general categories: no 
action, institutional controls, containment, treatment, removal, and 
disposal. 

The consideration of the no action alternative provides a baseline from 
which to evaluate the effects of responses that directly address the cleanup 
or isolation of contaminated materials. Institutional controls involve 
limiting the potential for public exposure to site contaminants by such 
means as educational programs and site access restrictions. Institutional 
controls involve source control measures that can be implemented under 
established effluent permitting programs. This response action involves no 
cleanup of contamjnated sediments. These two approaches to remediation are 
not discussed in this report except for comparison in evaluating candidate 
remedial alternatives. Containment response actions involve no cleanup of 
contaminated sediments. Containment response actions involve capping or 
installing lateral barriers to isolate contaminants from the environment in 
situ or to preclude the introduction of additional contamination into 
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Figure 19. Response action, technology types, and process 
options for remediation of contaminated sediments. 
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Remedial Action 
or Technology 

Mechanical Dredging 

Hydraulic Dredging 

.i:-
I.O 

Specialty Dredging 

Excavation 

TABLE 4. SUMMARY Of THE SEDIMENT REMOVAL OPTIONS APPLICABLE TO ELLIOTT BAY 

Process 
Option 

Clamshell 

Drag line 

Bucket ladder 

Dipper 

Cutterhead 

Suction 

Dustpan 

Hopper 

Technology Retained 
for Evaluation? 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

No 

No 

No 

Yes 

No 

Cooments 

Maintains near in situ density of sediment. Preferable for high 
metals and volatile organics contamination. 

Watertight adaptation, medi1.111 to large bucket assl.llled. 

Only average removal efficiency, high suspended solids. 

Limited availability, high initial cost, high suspended solids. 

Relatively high suspended solids, roore expensive. 

Produces sediment slurry. Unable to remove debris. Preferred 
for soluble contaminants. 

Readily available, dredging depth limited to 50 ft. 

Can only dredge loose, unconsolidated sediments 

Not readily available, can only dredge loose sands or gravels. 

Achieving econanically feasible load requires overflow of 
dredge water. 

Availability, developnent, experience are needed to fully 
assess applications and limitations. 

Retained for treatment and disposal (post-rerooval) applications 
only. 
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Remedial Action 
or Technology 

ln Situ Containnent 

Capping 

Berms ard Dikes 

In Situ Treatment 

Solidification/Stabilization 

Chemical Treatment 

Biological Treatment 

TABLE 5. SUMMARY OF THE CONTAINMENT AND TREATMENT OPTIONS APPLICABLE TO ELLIOTT BAY 

Process 
Option 

Sediment 

Synthetic ment>rane 

Sorbents 

(Grouts, gels, 
sealants, sorbents) 

Oxidation 
Dehalogenation 

Technology Retained 
for Evaluation? 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

Conments 

Not feasible in areas req.Jiring maintenance dredging. 

Clean sediment assuned to be available. 

Not a proven technology for contaminated sediments. 

Use of sorbents with other capping material is possible. 

Evaluated as a COlll)Onent technology for capping and 
disposal alternatives. 

Evaluated as a COlll)Onent technology for use in 
conjUlction with capping. Conceptual applications 
considered. 

No reports of successful application to contaminated sediments. 
More than one treatment step would be req.Jired for mixtures 
of organic and inorganic contaminants. 

No reports of successful application to contaminated sediments. 
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TABLE 6. SUMMARY OF THE POST-REMOVAL TREATMENT OPTIONS APPLICABLE TO ELLIOTT BAY 

Process 
Option 

Sorbents, grouts, 
gels, sealants 

Vitrification 

Therrooplastic 
Processes 

Pozzolanic 
Processes 

Oxidation/ 
RedJc:tion 

Hydrolysis 

Photolysis 

Neutralization 

Ion exchange 

Precipitation 

Corrposting 

Land farming 

Technology Retained 
for Evaluation? 

Yes 

Yes 

No 

No 

Yes 

Yes 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Conments 

In.,roved waste handling characteristics, reduced contaminant 
mobility, alteration of solubility or toxicity of contaminants. 

Proprietary fonTJJlations, natural materials, ard industrial waste 
products warrant consideration. No reported applications to COM. 

Energy intensive, potential emission problems. No reported 
applications to COM. 

Very expensive, considerable air pollution potential. No 
reported applications to CDH. 

Different additives available. Field demonstration for application 
to COM would be required. 

Evaluated for management of contaminated dredge water only. 
No reported applications to COM. 

Oxidants are hazardous. Possible by-product formation ard 
inadequate detoxification are drawbacks to option. 

Primarily used for carbamate ard organophosphorus pesticides. 

Primary use is for dioxins ard polychlorinated organic compounds. 

Used to adjust pH in acidic or alkaline waters. Not applicable 
to Elliott Bay problem areas. 

Salinity will adversely affect performance. 

Suitable for removing metals in solution. 

Availability of suitable disposal site would be determining 
factor for application of this treatment to COM. Primary 
drawback is excessive land use. 

Recalcitrant compounds such as PCBs and metals are not treated. 

Degradation of organic constituents must be possible. Cation 
exchange capacity of soil is limiting factor for metals. 
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TABLE 6. (Contirued) 

Remedial Action 
or Technology 

Thermal Treatment 

Physical Treatment 

Process 
Option 

Fixed Film, 
suspended growth 

Infrared, Rotary kiln, 
Fluidized bed 

Miscellaneous 

Dewatering 

Solvent Extraction 

Volatilization 

Filtration 

Carbon 
Adsorption 

Sol ids 
Classification 

Sedimentation 

Technology Retained 
for Evaluation? 

No 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Conments 

llaste stream COlll)Osition must be reguiated to ensure biological 
activity. Recalcitrant conpounds not treated. Some metals 
adsorbed to sludges. 

Retained for treatment of organic COlll)OUnds. Metals are not 
removed, energy intensive treatment. 

Retained as representative technologies. 

Metals are not removed in treatment process. Potential air 
pollution problems. Siting of treatment facility questionable. 

Potential for isolation and concentration of contaminants in a 
waste stream. Siting and development of a treatment facility 
are questionable. 

Underdrainage in sedimentation basin disposal facility is 
assumed. Reduces moisture content of COM. 

Removes and concentrates organics, precipitates metals. 

Volatile organic compounds are not anticipated to be a major 
problem in Elliott Bay COM. 

Retained for evaluation in removing suspended solids prior 
to inplementing technologies sensitive to suspended solids 
concentrations. 

Proven and effective technology for removal of organic 
contaminants from aqueous waste. Not a proven technology for COM. 

Potential for reducing volume of COM requiring treatment. 
Efficiency of separating contaminated fraction from clean 
sediment is major consideration for use. 

Normally an integral component for removing suspended 
particulates from hydraulically dredged COM. Facilitates removal 
of dredge water. 
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A summary of in situ containment and in situ treatment technologies 
retained for further evaluation in the remediation of Elliott Bay problem 
areas is presented in Table 5. Additional information on capping options is 
presented-in Phillips et al. (1985), U.S. Army Corps of Engineers (1986b), 
and Tetra Tech (1988a). In situ treatment of contaminated sediments has not 
been demonstrated. Technologies are being developed for possible in situ 
treatment of soils, but the application of the technologies to contaminated 
dredge material (COM) have not been demonstrated. 

A summary of the post-removal treatment technologies for contaminated 
dredge material {COM) are presented in Table 6. Demonstration of the 
applicability of treatment technologies to the remediation of COM would be 
necessary prior to implementation. Chemical treatment technologies are 
retained for use in managing contaminated dredge water only because 
applications to COM have not been demonstrated. Additional references for 
treatment technologies include Data Requirements for Selecting Remedial 
Action Technology {U.S. EPA 1987), Mobile Treatment Technologies for 
Superfund Wastes (U.S. EPA 1986b), and Handbook for Stabilization/Solidifi
cation of Hazardous Wastes (U.S. EPA 1986a). 

4.1 SUMMARY OF PRELIMINARY SCREENING OF SEDIMENT REMEDIAL TECHNOLOGIES 

Sediment remedial technologies and process options that passed prelimi
nary screening are illustrated in Figure 20. All response actions applicable 
to sediment remediation in Elliott Bay were retained. All in situ confinement 
categories {i.e., berms, dikes, and capping) were retained. However, 
specific process options were eliminated (i.e., synthetic membranes, 
sorbents). Cutterhead and closed bucket clamshell dredges were retained for 
further evaluation as removal technologies. In situ solidification/stabili
zation pr9cesses were considered to be at a conceptual level of development 
for the treatment of contaminated sediments, and were therefore not 
explicitly represented during the development of remedial alternatives. 
They were instead retained as a possible process option to be used in 
conjunction with in situ containment. Other in situ treatment technologies 
{e.g., oxidation, dehalogenation, and bioreclamation) were eliminated from 
further consideration. The post-removal treatment options retained include 
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eliminated in preliminary screening. 

Figure 20. Potential sediment remedial technologies and 

Filtration 

process options that are retained for further evaluation. 

54 

ouw 80036797 
BVL 

B-DUW2-2073268 



solidification/stabilization, chemical, biological, thermal, and physical 

treatment processes. Treatment technologies that address water generated 

during dewatering (i.e., sorption, ion exchange) were retained, but were not 
explicitly included in sediment remedial alternatives because their 
applicability_ must be determined by bench-scale testing for individual 

problem areas. Disposal locations retained for further evaluation included 
unconfined open-water, and confined sha 11 ow-water, nearshore, and upland 
sites. Unconfined open-water sites were considered for treated sediments 

only. 
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5.0 AREA-WIDE SEDIMENT REMEDIAL ALTERNATIVES 

A remedial alternative is a discrete combination of institutional 
controls and remedial technologies applicable to the cleanup of a contami
nated site {Tetra Tech 1988a). In this chapter, area-wide remedial alter
natives are presented for Elliott Bay problem area sediments. The develop
ment of alternatives is conducted in two steps. The first step is the 
development of generic alternatives based on the general response actions 
presented in Figure 19 of Section 4.0. The second step is the identification 
of specific alternatives from the technology types and process options that 
are most applicable to sediment remediation in the Elliott Bay area. The 
objective of Section 5.0 is to obtain a set of remedial alternatives 
representing all technology types considered suitable for evaluation. 

5.1 DEVELOPMENT OF GENERIC SEDIMENT REMEDIAL ALTERNATIVES 

As discussed in Chapter 4.0, sediment remedial technologies may be 
grouped into one of six general response actions: no action, institutional 
controls, in situ containment, removal, treatment, and disposal. Each 
response action consists of one or more technology types and associated 
process options. The possible approaches to sediment remediation based on 
these six genera 1 response actions are represented by the five generic 
remedial alternatives shown in Figure 21. The simplest alternative is no 
action; the most complex alternative involves dredging, treatment, and 
disposal. Costs and the level of permanency generally increase in progres
sing from no action to alternatives involving dredging and treatment of COM. 

A list of - representative technology types and associated process 
options that passed screening is presented below. These technologies are 
considered to have the greatest potential for timely and effective remedi
ation of contaminated Elliott Bay sediments. 
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I NO ACTION I 
INSTITUTIONAL 

CONTROLS 

INSITU 
CONTAINMENT 

I REMOVAL I , DISPOSAL I 

I REMOVAL I , TREATMENT I , 

NOTE: Monitoring is an essential element of all but the 'no action' alternative. 

Figure 21. Generic sediment remedial alternatives. 
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■ Containment 
Capping 
Berms and dikes 

■ Sediment removal 
Watertight clamshell dredge 
Pipeline cutterhead dredge 
Specialty dredge heads 
Mudcat dredge 

■ Sediment treatment 
Solidification/stabilization (pozzolan-Portland cement) 
Land treatment 
Incineration (infrared) 
Dewatering 
Solvent extraction 
Filtration 
Sedimentation 

■ Disposal 
Unconfined aquatic 
Confined aquatic 
Confined nearshore 
Confined upland. 

5.1.1 Containment 

For in situ containment of sediments, capping is the only applicable 
technology. In the development of a capping alternative, use of uncontam
inated dredge materi a 1 for the cap was assumed, although the use of a 
different· medium could be considered in a more detailed analysis. In situ 
solidification coupled with capping may be effective but is not evaluated 
here because the process is not well understood. 
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5.1.2 Sediment Removal 

Hydraulic and mechanical dredging represent the two fundamental 
approache~ to sediment removal. The pipeline cutterhead dredge is the most 
commonly used hydraulic dredge in the U.S. and the Pacific Northwest, and 
several modifications for the removal of contaminated sediments have been 
implemented (Phillips et al. 1985}. Although the pipeline cutterhead dredge 
was selected to represent hydraulic dredging, specialty hydraulic dredges 
identified in the preliminary screening of dredging technologies should be 
reconsidered during final design and equipment selection. 

The clamshell dredge is the only mechanical dredge retained from 
preliminary screening. The use of a watertight bucket modification was 
assumed for development of alternatives involving mechanical dredging. This 
modification of the conventional clamshell· is not expected to affect 
dredging efficiency and will help decrease the amount of suspended sol ids 
generated during dredging. 

5.1.3 Sediment Treatment 

Several sediment treatment technologies were selected for further 
evaluation. Of the possible stabilization/solidification process options, 
only sorbent stabilization, pozzolanic/cement systems, and proprietary 
materials passed preliminary screening. Pozzolanic/cement systems were 
identified as the representative process option because they are considered 
to be the most protective from the standpoint of contaminant immobilization, 
particularly when the COM contains particle-associated organic constituents. 
In some cases, however, stabilization rather than solidification may be 
adequate for the reduction of contaminant mobility, and wil 1 genera 11 y be 
less expensive. Proprietary formulations should also be evaluated during 
treatability studJes to select the most suitable treatment formulation. 

No chemical treatment process options were selected for evaluation as 
part of sediment remedial alternatives, because none were identified as 
implementable for the treatment of COM solids. In addition, many of the 
problem contaminants in Elliott Bay sediments have strong particle affinities 
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and may be substantially removed by the sedimentation process alone. 
Nonetheless, treatment of dredge water may be necessary to meet water 
quality criteria. Management of dredge water produced during hydraulic 
dredging. was assumed to involve chemically assisted sedimentation. 
Mechanical dredging was assumed to result in minimal production of dredge 
water and negligible treatment costs. The severity of dredge water 
contamination is determined by the physical and chemical properties of the 
contaminants and the degree to which they are partitioned between particu
late, aqueous, and gas phases. Elutriate testing of COM is necessary to 
determine the need for dredge water treatment. 

The only biological treatment option suitable for COM is land treatment. 
This option is retained for sediments with low concentrations of contaminants 
that have proven feasible to biodegradation. 

Infrared incineration was selected as the representative thermal 
treatment. Mobile systems with high capacities are available and have been 
demonstrated to be effective in the treatment of contaminated soils and 
sludge-like materials. 

Within the category of physical treatment, the following process 
options were selected for further evaluation as components of one or more 
sediment remedial alternatives: 

■ Solvent extraction using the B.E.S.T.tm process 

■ Sedimentation 

■ Dewatering 

■ Solids .separation 

■ Carbon adsorption 

■ Filtration. 
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The B.E.S.T.tm solvent extraction process is potentially applicable to the 
removal of hazardous organic contaminants (e.g., PCBs, PAH, chlorinated 
hydrocarbons, phenols) from COM. The process essentially concentrates the 
organics jn liquid form, which may then be incinerated at much less expense 
than incineration of the COM itself. Sedimentation is essential for the 
upland disposal of hydraulically dredged sediments, and it may also be 
necessary, in some cases, for nearshore disposal. Chemical coagulation to 
remove solids remaining in suspension following primary solids removal is 
assumed to be included in the sedimentation process option. Dewatering 
methods, both passive and mechanical , are an essential feature of upland 
disposal options when Resource Conservation and Recovery Act (RCRA) landfill 
requirements must be met. Meehan i cal dewateri ng is not further evaluated 
here, but should be considered in a more detailed evaluation of alternatives 
involving upland disposal of COM, especially when the volumes are small. In 
the development of sediment remedial alternatives, passive dewatering in the 
form of underdrains provided in upland confined systems was assumed. Carbon 
adsorption is a useful treatment option for contaminated dredge water 
treatment, although other technologies may be needed in conjunction with 
this option. Filtration technologies may be useful in combination with 
other process options as a measure to remove suspended solids. 

5.1.4 Disposal 

All four disposal options passed preliminary screening. However, 
unconfined open-water disposal is not considered as part of any alternative, 
because contaminated sediments dredged from the Elliott Bay problem areas 
are not likely to be permitted in a designated unconfined disposal site. 
Unconfined open-water disposal may be a feasible option for treated sediments 
when the level of contamination has been reduced to below goals that are 
being established under PSSDA. 

5.1.4.1 Disposal Site Availability--

Potential sites for the disposal of Elliott Bay sediments are presently 
being evaluated under the Puget Sound Dredge Disposal Analysis (PSDDA) 
program and as part of the Puget Sound Water Quality Management Plan (Puget 
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Sound Water Quality Authority 1987). Phase I of PSDDA designated sites and 
established criteria for unconfined open water disposal of dredge material. 
The scheduled date for adoption of the PSDDA Phase I guidelines by the PSWQA 
is 1 April 1988. Under Element S-6 of the PSWQA Water Quality Management 
Plan, Ecology has been tasked with determining the feasibility and needs for 
multi-user confined disposal sites. The various elements of the PSWQA 
contaminated sediments and dredging program are scheduled for completion 
from 1988 to 1991. The sites designated in this report may or may not be 
available for use, depending on institutional considerations of PSDDA and 
PSWQA. 

A listing of potential disposal sites available for dredge material 
disposal, their estimated capacity, and land ownership is presented in 
Tab 1 e 7. The use of the different sites wi 11 depend on severa 1 factors, 
inc 1 udi ng contaminant characteristics, poss i b 1 e future uses for the sites, 
and the party performing the removal and disposal. 

Open-Water Sites--

Sites and criteria for dredge material characteristics that are 
suitable for unconfined open water disposal in Elliott Bay have been 
designated under PSDDA Phase I studies. The preferred and alternate 
unconfined open-water disposal sites in Elliott Bay are shown in Figure 22. 
The capacity of the unconfined open-water site is projected to be sufficient 
for dredging projects in Elliott Bay through the year 2000. Actual volumes 
of sediment suitable for disposal will depend on the management conditions 
adopted for the site (PSDDA 1988). 

One possible site for confined aquatic disposal is the East Waterway 
(Figure 22). Several depressions are present in the waterway which could be 
fi 11 ed with contaminated dredge materi a 1 and capped. Cons i de rations for the 
future use of the East Waterway, the need to accommodate increasing ship 
sizes, and the designation of the East Waterway as a problem area all 
decrease the possibility of using this waterway for confined aquatic 
disposal. 
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TABLE 7. POTENTIAL DREDGE MATERIAL DISPOSAL SITES FOR ELLIOTT BAY 

Potential Site 

Open llater Unconfined 

PSDDA Phase I 

Confined Aquatic 

East llaterway 

Nearshore 

Slip 25 

Terminal 91 

Upland 

Coal Creek 

Cedar Hills 

Land Ownership/Steward 

State of llashington/ 
Department of Natural Resources 

State of llashington/ 
Department of Natural Resources 

Port of Seattle 

Port of Seattle 

Rabanco 

King County 

Estimated Capacity (1,000 yd3) 

3, 113-6, 162a 

250 

175-zoob 

aoo-1, ooob 

15,000 

80,000 

8 Total forecasted dredging volume that could be discharged at unconfined Elliott Bay site. Actual volumes to 
be discharged at the open·water unconfined site will vary depending on site management condition adopted (PSDOA 
Phase I Draft EIS). 

b The actual capacity will vary depending on berm and cap thickness. 
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Figure 22. PSDDA preferred and alternate unconfined open water 
disposal sites in Elliott Bay and potential confined aquatic 
disposal site. 
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Nearshore Sites--

Potential nearshore sites for the disposal of contaminated dredge 
material are shown in Figure 23. Actual capacity of the nearshore sites 
{Table 7) will depend on engineering considerations (i.e., cap and berm 
thickness). Priority for dredge material disposal at the Pier 91 and 
Pier 27 sites would be given to Port of Seattle dredging projects. Disposal 
of COM at either of the two sites by parties other than the Port of Seattle 
may not be feasible due to capacity constraints following use by the Port of 
Seattle. The use of the two nearshore sites for disposal will also depend 
on future planning by the Port of Seattle for these two areas. If expansion 
of Piers 90-91 is needed for Port of Seattle growth, then nearshore disposal 
of COM in this area may become a more feasible alternative. 

Upland Sites--

Municipal landfills and privately owned construction debris landfills 
present limited opportunities for upland disposal. The Seattle-King County 
Health Department is responsible for making the final decision on the 
suitability of material for landfill disposal. At present, material 
containing up to 10 percent dangerous waste may be disposed of in the Coal 
Creek landfill. However, the 10 percent dangerous waste criteria is 
currently undergoing revisions for individual compounds (Burke, S., 13 April 
1988, personal communication). Materials that do not meet the PSDOA 
criteria for open water disposal (problem wastes) would not be accepted for 
landfill disposal without prior treatment due to liability issues. Problems 
experienced by the Port of Seattle with sediments landfilled in West Seattle, 
which required subsequent removal due to hazards posed to the community, 
serve to illustrate liability issues associated with landfill (or construc
tion site) disposal of COM. Acquisition of land, engineering and construc
tion of an upland_disposal facility is one possibility. However, development 
of an upland facility within a reasonable transportation distance (ap
proximately 3 mi for hydraulically dredged material or 20 mi for dewatered 
sediment) would likely be difficult from a public acceptance and cost
effectiveness standpoint. The following sites were identified as potential 
upland disposal facilities. Additional rural landfills (i.e., Vashon, 
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Figure 23. Potential nearshore sites for disposal of contaminated 
sediments in Elliott Bay. 
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Hobart) have only limited capacity or are undergoing closure, so they were 
not considered. 

Coal Creek--This privately owned construction debris landfill is 
located approximately 15 mi east of Seattle. The large capacity (i.e., 
15,000 yd3) of the landfill makes it suitable for dredging projects of any 
scale. Siting and construction of a treatment facility for dewatered 
sediment would be one possible option for disposal of COM. However, bench
scale testing of the treatment system would be required. 

Cedar Hills--This regional landfill is located approximately 12 mi 
south of Seattle. Dewatering or solidification/stabilization and treatment 
of COM would be required prior to disposal. Mitigation of additional 
traffic impacts associated with disposal would also require consideration. 

RCRA Facilities--Two RCRA landfills operate in U.S. EPA Region X. 
Chemical Securities operates a minimum technical standards landfill under 
interim permit status at its Arlington, OR facility. Envirosafe Services of 
Idaho operates a facility near Grandview, ID, which is also under interim 
status. Neither firm currently has a stabilization capability. Offsite 
RCRA landfill should be considered as a reserve option only, in keeping with 
the U.S. EPA's offsite disposal policy. 

5.1.4.2 Transportation--

Several methods are available in Puget Sound to transport sediments from 
the Elliott Bay study area. The most practical choice will be dictated by 
the dredging method and access to the disposal site. Sediments removed by 
hydraulic dredge can most efficiently be transported by pipeline to a 
nearshore, upland, or aquatic disposal site, if distances between the dredge 
and disposal sit_es are only a few miles. Sediments removed by clamshell 
dredge will have nearly in situ densities. Such sediments can be transported 
by split-hulled barge to nearshore and aquatic disposal sites and by truck, 
rail, or barge to upland disposal sites. 
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5.2 IDENTIFICATION OF CANDIDATE SEDIMENT REMEDIAL ALTERNATIVES 

The generic alternatives and sediment remedial technologies identified 
above were combined to form the set of area-wide sediment remedial alter
natives presented below: 

■ No action 

■ Institutional controls 

■ In situ capping 

■ Removal with hydraulic dredge/confined aquatic disposal 

■ Removal with hydraulic dredge/nearshore disposal 

■ Removal with hydraulic dredge/upland disposal 

■ Removal with hydraulic dredge/solidification/upland disposal 

■ Removal with clamshell dredge/confined aquatic disposal 

■ Removal with clamshell dredge/nearshore disposal 

■ Removal with clamshell dredge/incineration/upland disposal 

■ Removal with clamshell dredge/solidification/upland disposal 

■ Removal with clamshell dredge/solvent extraction/unconfined 
disposal 

■ Removal with clamshell dredge/land treatment. 

Each alternative represents a plausible combination of remedial actions 
designed to meet the objectives of the Elliott Bay sect i ment remediation 
effort. The set as a whole encompasses the range of generic alternatives 
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and adequately represents all viable remedial action technologies. The 
effectiveness, implementability, and costs of viable alternatives are 
evaluated for two problem areas (Section 7.0). Descriptions of each of the 
above alternatives are presented in the remainder of this section. 

5.2.1 No Action 

The no action alternative supplies a baseline against which other 
sediment remedial alternatives can be compared. Under the no action 
alternative, the site would be left unchanged, with no remediation of 
sediment contamination. This alternative does nothing to mitigate the 
public health and environmental risks associated with the site. Absence of 
source control is an implicit element of this alternative. Potential 
impacts of the no action alternative include the persistence of the following 
observed environmental effects in Elliott Bay: 

• Exceedance of AET for problem chemicals 

■ Acute toxicity of sediments 

• Bioaccumulation 

■ Depressions of the benthic communities 

• Histopathological effects on fish 

■ Increase in liability for environmental damage. 

5.2.2 Institutional Controls 

Institutional controls include access restrictions, limitations on 
recreational use of nearshore areas, issuance of public health advisories, 
monitoring, and most importantly, contra l of contaminant sources. L imita
tions on access and recreation, such as fishing and diving, limit human 
exposure and reduce risk to public health, but do nothing to mitigate the 
environmental impacts mentioned under the no action alternative. Some 
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degree of long-term mitigation may be expected from reductions in source 
loadings. The effect of source control on contaminant loadings and on 
natural recovery of sediments is discussed in Tetra Tech (1988c). Monitoring 
identifie~ contaminant migration patterns and areas of new or increased 
contamination, and allows changes in risks assessment to public health and 
the environment before major impacts are realized. In addition, monitoring 
can be used to validate or refine estimates of the success of source control 
based on the natural ability of sediments to recover. 

5.2.3. In Situ Capping 

In situ capping can substantially reduce the risks of environmental 
exposure to sediment contaminants. The capping material may be clean 
dredged material or fill (e.g., sand). In addition, it may be feasible to 
include additives (e.g., bentonite) to reduce hydraulic permeability of the 
cap or sorbents to inhibit contaminant migration. The use of in situ 
sediment stabilization techniques as a component of an overall capping 
strategy may further reduce the potential for migration of contaminants. 

Both mechanical and hydraulic dredging equipment can be used for in 
situ capping operations. Cohesive mechanically dredged material would be 
placed at the disposal site by using a split-hulled barge. Hydraulically 
dredged material would be placed at the disposal site by using a downpipe 
and diffuser. Depending on site topography, diking may be necessary along a 
margin of the capped sediments to provide lateral cap support. 

In situ capping as a sediment remedial alternative has the advantage of 
preserving the original physicochemical conditions of the problem sediments. 
This limits the potential for metals mobilization, which can result from 
bringing predominantly anaerobic sediments into an aerobic environment 
during dredge an~ disposal operations. Furthermore, contaminant redi stri
bution from the resuspension of sediments during dredging is avoided. In 
situ capping is a proven technology, with completed projects in areas from 
the Long Island Sound and New York Bight Apex (Sanderson and McKnight 1986} 
to the West Waterway in Elliott Bay (Truitt 1986). 
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Capping is inappropriate for environments with a high potential for 
ship scour, currents, or wave action, because these disturbances can lead to 
cap erosion. The potential for erosion due to shipping activities requires 
additional study for areas under serious consideration for capping. 
Maintenance dredging requirements for waterway channels may preclude the use 
of this alternative in areas maintained for shipping (i.e., East and West 
waterways). Capping should not be considered under circumstances in which 
contaminant sources cannot be sufficiently controlled, and ongoing con
taminant inputs are likely to result in renewed depressions of benthic 
communities following capping. 

For the purposes of evaluating the capping alternative and estimating 
costs, it was assumed that clean dredged material would be used to construct 
the cap. The capping material would be dredged using a clamshell to 
maintain cohesiveness, transported to the problem area in a split-hulled 
barge, and then deposited to create a cap a minimum of 3 ft thick. 

5.2.4. Removal with Hvdraulic Dredge/Confined Aquatic Disposal 

As with in situ capping, confined aquatic disposal (CAD) can substan
tially reduce environmental exposure to sediment contaminants. In the CAD 
alternative, contaminated sediment is dredged from one location using a 
hydraulic dredge and then confined subaquatically at a different location. 
The CAD options described in Section 4.0 differ from one another based on 
depth and site physical characteristics. Hydraulic and mechanical dredging, 
as well as hydraulic and split-hulled barge placement techniques, can be used 
to implement CAD alternatives. / 

One drawback to CAD is that dredging destroys existing benthic habitat 
and can result in the redistribution of contaminated sediments. There are 
fewer monitoring and site controls available for the CAD option versus 
upland or nearshore disposal sites. 

Four CAD approaches ( deep-water mound, deep-water confined, sha 11 ow
water confined, and waterway confined) are described by Phillips et al. 
(1985). Of these, the deep-water, and waterway CAD approaches appear to be 
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the most suitable for sediment remediation in Elliott Bay. Shallow-water 
disposal sites have not been identified, and they are considered to be less 
protective because of proximity to the water surface and potential erosion 
of the containment structure due to wave action. Deep-water disposal siting 
is also uncertain. Potential CAD sites are presently being investigated for 
the Puget Sound Water Quality Management Plan (Puget Sound Water Quality 
Authority 1987) by Ecology. The waterway CAD option is feasible and has the 
advantage of retaining the contaminated sediments at in situ conditions. A 
capping project in the Duwamish waterway conducted by the U.S. Army Engineers 
(Truitt 1986) has demonstrated the effectiveness of the capping technique 
over the short term. 

One possible alternative for the East Waterway problem area (Figure 3) 
is confinement of the CDM within the waterway itse 1f. This alternative 
would entail dredging an area well below the zone of contamination, 
depositing COM in the excavated pit, and capping the COM with clean dredged 
material. This approach has been evaluated for problem areas in Commencement 
Bay, however, a deep-water confined site was selected as the preferred 
alternative because of concerns over future channel dredging projects and 
the bulking of material following dredging. 

For the purpose of evaluating the waterway CAD alternative, a cellular 
implementation approach was assumed. This approach involves establishing an 
imaginary grid over the problem area to permit operations on one grid cell 
at a time. Hydraulic dredging equipment would be used to dredge contaminated 
sediments from the initial cell. The sediments would be placed in a deep
water CAD unit. Underlying clean sediments would be removed from the first 
cell and either temporarily stockpiled for later use, used as capping 
material, or disposed of at an unconfined open-water site. Once excavation 
to the predetermined depth was reached, the transfer of contaminated 
sediments from an adjacent cell into the first cell would begin. A downpipe 
would be used for hydraulic placement of the contaminated COM. Clean 
sediments from the second cell would then used to form a cap at least 3 ft 
thick over the COM in the first cell. This cycle would continue until all 
problem area contaminated sediments had been confined. 
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5.2.5 Removal with Hydraulic Dredqe/Nearshore Disposal 

Dredging followed by confined disposal in the nearshore environment is 
another possible alternative for sediment remediation in Elliott Bay. 
Generally, nearshore sites need to be diked before they can receive dredged 
material. There are essentially no limitations in the selection of dredging 
and transport equipment although hydraulic dredging followed by pipeline 
transport to the disposal facility is considered optimal (Phillips et al. 
1985). Hydraulic dredging confines dredged material to a pipeline during 
transport, thereby minimizing exposure potential and handling requirements. 
Systems for management and treatment of dredge water can readily be incor
porated into the facility design. Mechanical dredging with transport by 
split-hulled barge may prove to be a more feasible alternative when pipeline 
transport interferes with waterway uses. 

Confined nearshore disposal permits a greater degree of control in both 
the design and construction of the confinement system than does CAD. In 
addition, monitoring efforts are easier to implement. Installation of 
monitoring equipment along the perimeter of a nearshore confinement facility 
permits the detection of contaminant migration through the dikes, a much 
smaller physical structure to monitor than a vast subaquatic cap. Monitoring 
combined with physical maintenance and routine inspections results in 
improved long-term integrity of the confinement system. Appropriate dike 
construction would be necessary to mitigate the effects of waves in eroding 
the confining materials. 

The primary environmental impact associated with implementation of this 
alternative is the loss of existing benthic habitat at the dredge site and 
the loss of intertidal habitat at the disposal site. Because of the 
intertidal ,location of the disposal site and the high value placed on 
intertidal habitat, this alternative would require a habitat mitigation 
component. Al so, the influence of ti des and groundwater on contaminant 
transport is much greater for nearshore confinement than for CAD or upland 
disposal. In addition, altered redox conditions may increase the mobility 
of metals. 
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For the purpose of evaluating this alternative, it was assumed that a 
nearshore disposal facility would be located within approximately 3 mi of the 
dredging site, thereby facilitating transport of the COM. A cutterhead 
hydraulic. dredge and pipeline transport system would be used. Because of 
the 1 ow sol ids content of hydraulically dredged sediments ( 15-25 percent 
solids by volume), management of dredge water would be required. In this 
case, dredge water would be clarified to remove suspended sol ids prior to 
discharge to the marine environment. A chemical coagulant addition system 
and secondary settling basin similar to that described by Schroeder (1983) 
are included as an element of this remedial alternative. 

A schematic depicting general features of a nearshore disposal facility 
is presented in Figure 24. To accommodate a dredge water control system 
using chemical coagulation, the secondary settling basin would resemble the 
system illustrated in Figure 25. Other design features that were assumed for 
the purpose of estimating construction costs include the absence of a liner, 
a fill depth of 30 ft, and cap thickness of 3 ft. 

5.2.6. Removal with Hydraulic Dredge/Upland Disposal 

Dredging followed by upland disposal involves the transfer of COM to a 
confinement facility that is not under tidal influence. Sediment would be 
dredged either mechanically or hydraulically and transferred to the disposal 
site by truck, rail, or pipeline. As in the case of nearshore disposal, 
provisions would be made for the management of dredge water. 

Upland disposal of COM provides for the greatest level of contaminant 
control in the absence of treatment. Design features would include 
installing a liner and cap. The liner system could include an underdrainage 
for dewatering the fill material and for controlling leachate over the long
term. The underdrainage would be designed to operate as either a passive 
collection system or a vacuum-assisted dewatering system. 

The primary environmental impact of this remedial alternative would be 
the destruction of existing benthic habitat at the dredging site. As with 
all alternatives that involve dredging, resuspension of contaminated 
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Reference: Phillips et al. (1985). 

Figure 24. General features of confined nearshore disposal site. 
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Figure 25. Dredge water chemical clarification facility. 
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sediment would also be a concern. In contrast to the nearshore disposal 
option, the destruction of habitat at the upland disposal site is unlikely 
to be as environmentally significant. 

For the purpose of evaluating this alternative, it was assumed that an 
upland disposal site would be developed within 3 mi of the problem area. 
Dredging would be conducted using a pipeline cutterhead dredge and CDM would 
be hydraulically transported to the disposal site. Clamshell dredging can 
also be conducted with upland disposal as the ultimate destination, but the 
requirement for double handling of the COM (i.e., removal to barge and then 
transfer to truck or railcar) would be a distinct disadvantage. A schematic 
of an upland confinement facility is presented in Figure 26. Dredge water 
clarification (e.g., using the secondary settling basin design shown in 
Figure 25) would be an essential feature of the facility. The disposal 
facility would be constructed to contain CDM to a depth of 15 ft. A dual 
synthetic liner and passive underdrainage system would be included to permit 
removal of percolating dredge water and allow for long-term leachate 
collection. The technology for utilizing an upland disposal facility is 
well-developed and has been applied in similar situations to wet soils, but 
is unproven for use with COM. 

Following sedimentation and removal of collected dredge water, passive 
collection of percolating water would continue until the fill had consoli
dated to an extent that a 11 owed capping operations to commence. The cap 
would be 3 ft thick and composed of clay. 

5.2.7 Removal with Hydraulic Dredge/Solidification/Upland Disposal 

Solidification as an option for treatment of CDM is considered here in 
conjunction with hydraulic dredging and upland confinement. Solidification 
can significantly reduce the toxicity and mobility of problem chemicals by 
chemically immobilizing the metals in the solidified matrix and encapsulating 
the particle-associated organic compounds. 

Treatment by solidification may be conducted at either nearshore or 
upland disposal sites. Either hydraulic or mechanical dredging equipment can 
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Reference: Philfips et al. (1985). 

Figure 26. (a) Confined upland disposal, (b) Components of 
a typical diked upland disposal site. 
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be used for removal of the contaminated sediment. In the former case, 

removal of most of the dredge water by sedimentation would be required prior 

to blending in the solidification agents. As discussed in Section 4.0 

several s_ol idification agents and implementation scenarios are feasible for 
this treatment option. Solidification technologies have not been proven for 
use with contaminated sediments. 

For the evaluation of this alternative, contaminated sediments were 
assumed to be hydraulically dredged and pumped to the upland site through 

pipelines. The advantage of this procedure is that sediment removal and 

discharge at the treatment site would be self-contained and continuous. 

Clamshell dredging could be used, but it has the disadvantage of requiring 
double handling of the COM. In the confinement structure, which also serves 

as a sedimentation basin, dredged material would settle, and dredge water 

would be chemically clarified before return to the marine environment. The 
basin would be equipped with an underdrainage system for the further 
dewatering of COM. When moisture content of the fill reached a specified 
value, the solidification agent would be added and blended, using mixing 
equipment designed for in situ solidification applications. To permit 
complete coverage of the confinement zone, cellular design of the disposal 

facility may be required, along with a mounting and track system for the 

mixing device. This approach to solidification of COM has been considered, 

{Ludwig et al. 1985) but never implemented. 

Design features for the disposal facility would depend on the hazard 
level of the fill. In developing this alternative, it was assumed that the 
treated material would be deli sted as a RCRA hazardous waste and that the 

confinement facility could be designed to satisfy minimum technical 

standards. The liner would be 1 ft thick and composed of clay. An 

underdrainage system atop the clay liner would remove dredge water, driving 

the sedinientatio!l phase of the process. The facility would accommodate a 
15-ft fill depth and be capped with 1 ft of soil or clay. 
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5.2.8 Removal with Clamshell Dredge/Confined Aquatic Disposal 

Use of a clamshell dredge for removal of sediments, followed by CAD 
would en~ail many of the same design features as appropriate for hydraulic 
dredging. Dredge water volume would be reduced with the clamshell, and 
deposition of the sediments at the CAD site would be by split-hulled barge. 

For the purpose of evaluating this alternative, a deep water CAD unit 
is assumed. Clean capping material would be obtained by overdredging at the 
problem area using a watertight clamshell dredge, then transported and 
placed at the CAO site using a split-hulled barge. The thickness of the cap 
is assumed to be 3 ft. 

The primary environmental impact of the remedial alternative would be 
destruction of the existing benthic habitat at the dredging and disposal 
sites. Resuspension of sediment would be a concern during both dredging and 
disposal operations. 

5.2.9 Removal with Clamshell Dredqe/Nearshore Disposal 

Removal of sediments with a clamshell dredge followed by nearshore 
disposal would involve essentially the same design features as appropriate 
for hydraulic dredging and nearshore disposal. The confining dike would be 
constructed to allow passage of a split-hulled barge for sediment disposal. 
Dredge water management is not anticipated to pose any obstacles for 
clamshell dredging. Design and monitoring concerns for the nearshore 
facility are described in Section 5.2.5. 

For the purpose of evaluating this alternative, a nearshore disposal 
facility within 5 mi of the dredging site is assumed. Other design features 
that were assumed for the purpose of estimating construction costs include 
the absence of a liner, a fill depth of 30 ft, and a cap thickness of 3 ft. 
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5.2.10 Removal with Clamshell Dredge/Solvent Extraction/Upland Disposal 

For sediments containing primarily organic contaminants, solvent 
extractio~ followed by incineration of the organic concentrate is a feasible 
alternative. Depending on the concentration of metals in the problem 
sediments, all disposal options may be considered. This approach to sediment 
remediation, like incineration, results in permanent removal and destruction 
of organic compounds. 

For the purpose of evaluating this alternative, use of the B.E.S.T.tm 
technology marketed by Resource Conservation Company was assumed. This 
process takes advantage of the inverse immiscibility properties of aliphatic 
amines to separate organics from aqueous slurries of contaminated material 
and from organic sludges. Effluents from the process would include waste
water, treated solids, and a concentrated waste organic mixture. Depending 
on the quality of the wastewater, additional treatment may be required. 
Solids retain a low residual concentration of extracting solvent and, 
depending on metals content, may be either returned to the removal site for 
unconfined disposal or 1 andfi 11 ed in a secure facility. The extracting 
solvent, typically triethylamine, is not a listed hazardous waste constituent 
(40 CFR Part 261.3), which simplifies waste solids and wastewater disposal. 

It was assumed that contaminated sediments would be dredged using a 
clamshell, transported via barge, and off-loaded using a clamshell to an 
onshore treatment facility. The COM would be treated, dried, and transported 
to an upland disposal facility. Because the process effectively dewaters the 
solids, stabilization was considered unnecessary. 

5.2.11 Removal with Clamshell Dredge/Thermal Treatment/Upland Disposal 

Thermal tr~atment permanently eliminates organic contamination in 
sediments. This alternative has limited application in Elliott Bay, because 
most problem areas are characterized by significant metals contamination. 

For this alternative, sediments were assumed to be mechanically 
dredged. To minimize the water content of the dredged material, a water-
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tight clamshell bucket was assumed. Wastes low in moisture content are 

preferred for thermal treatment because treatment costs increase sign ifi -
cantly as the amount of water that must be driven off increases. If 
hydrauli~ dredging were selected, an additional process step to settle and 
recover the solids from the dredge slurry would be necessary. Even with 
clamshell dredging, some dewatering may prove to be cost-effective. 

The dredged sediment would be transported to shore by barge and then to 
an upland site for incineration. It is possible that an incinerator could 
be located adjacent to the problem area and transport by truck could be 
avoided. Analysis of the incinerated residue may reveal that the material 
no longer requires special handling and confinement. Open-water disposal 
may be a feasible option for disposal of incinerated COM, but in this 

alternative, disposal in a minimum security landfill was assumed for evalu
ation. 

5.2.12 Removal with Clamshell Dredge/Biological Land Treatment/Upland 
Disposal 

A biological treatment option using land treatment technology is 
considered here for the remediation of sediments contaminated with biode
gradable organic compounds. Land treatment involves the incorporation of 
waste into the surface zone of soil, followed by management of the treatment 
area to optimize degradation of waste constituents by natural soil micro
organisms. Chemical and physical characteristics of the waste need to be 
evaluated to determine the amount that can safely be loaded onto the soil 
without adversely impacting groundwater. Soils possess substantial cation 
exchange capacity, which can effectively immobilize metals. Therefore, 
wastes containing metals can be land-treated, but careful consideration of 
the assimilative capacity of the soil for metals is essential. 

For evaluating this alternative, it was assumed that sediments would be 
removed using a clamshell to minimize water content of the dredged material. 
After transport by barge and truck to the land treatment facility, the 

sediment material would be distributed and tilled into the upper 15-30 cm of 
soil. The land treatment facility design would prevent stormwater runon 
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and allow collection and management of runoff. Lysimeters and monitoring 
wells would be installed and periodically sampled to aid in the detection of 
subsurface contaminant migration. 
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6.0 DEVELOPMENT OF SEDIMENT REMEDIAL ACTION EVALUATION CRITERIA 

A detailed analysis of the candidate sediment remedial alternatives 
followed by selection of the preferred alternative is the final stage of the 
sediment remedial evaluation process. A detailed analysis of evaluation 
criteria, adapted from the approach used for the Commencement Bay Feasibility 
Study (Tetra Tech 1988a}, is presented in Appendix C. Section 6.0 presents 
an outline of the criteria used to analyze the alternatives and select the 
preferred one. A narrative evaluation matrix is included in Section 7.0 to 
provide a summary of the key considerations for each criterion of the 
candidate alternatives selected for detailed analysis. 

Evaluation criteria for the detailed analysis can be grouped into three 
general categories: effectiveness, implementability, and cost. For the 
evaluation of sediment remedial alternatives in Elliott Bay, four effec
tiveness criteria: short-term protectiveness; timeliness; long-term 
protectiveness; and reduction in contaminant toxicity, mobility, 
were evaluated. The three implementability criteria comprise 
feasibility, institutional feasibility, and availability of 

or volume 
technical 
disposal 

facilities. Other types of implementability criteria, such as coordination 
among agencies and public acceptance, are not discussed in this document 
because they are nontechnical aspects of the remediation action. Cost 
elements include design and specification preparation, capital construction, 
habitat mitigation, operation and maintenance (O&M), and monitoring. 

6.1 EFFECTIVENESS CRITERIA 

Sho·rt-term_ protectiveness is the predicted ability of the candidate 
sediment remedial alternative to minimize public health and environmental 
risks caused by exposure to contaminants during the imp 1 ementat ion phase. 
Considerations for short-term protectiveness include potential public 
exposure to contaminants during dredging, transport, treatment, and disposal, 
and potential failures of equipment or technologies during implementation. 
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Timeliness refers to the estimated time required for the candidate 
alternative to meet the remedial objectives. Included in the timeliness 
criterion_ is the time required for demonstrations and modeling, development 
of facilities, and implementation of the alternative. Source control is an 
integral component of sediment remedial alternatives. However, it is 
assumed during the evaluation of alternatives for the Elliott Bay problem 
areas that source control is occurring concurrently. 

long-term protectiveness is the predicted ability of the candidate 
sediment remedial alternative to minimize potential hazards in both the 
problem area and the ultimate disposal site after the objectives of the 
alternative have been met. This evaluation includes an assessment of long
term reliability of containment facilities, protection of public health, and 
protection of the environment. 

Reductions in toxicity, mobility, and volume are used in assessing 

protection achieved through treatment tech no 1 ogi es versus protection 
achieved through prevention of exposure. The degree to which treatment 
processes are irreversible, the type and quantity of residuals remaining 
following treatment, the methods for managing residuals, and the appli
cability of the treatment technology to the contaminants in the sediment are 
considered. 

6.2 IMPLEMENTABILITY CRITERIA 

Technical feasibility is the ability of the candidate sediment remedial 
alternative to be fully implemented based on site-specific chemical and 
physical characteristics, as well as general construction and engineering 
constraints. Feasibility and reliability of process options, implementation 

of monitoring programs, and imp 1 ementat ion of operation and maintenance 
(O&M) programs are considered. 

Institutional feasibility is the ability of the candidate sediment 
remedial alternative to meet the intent of all applicable criteria, 
regulations, and permitting programs. Considerations under the institutional 
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feasibility criterion include approval of relevant agencies, and compliance 
with applicable or relevant and appropriate requirements (ARARs). The 
criterion for approva 1 of re 1 evant agencies addresses the need for, and 
feasibility of, obtaining concurrence from appropriate agencies such as 
U.S. EPA and _Ecology on whether the candidate alternative will meet the 
substantive aspects of permit requirements. ARARs are divided into 
categories of chemical-specific, location-specific, and action-specific 
criteria. 

Chemical-specific ARARs are health-based or risk-based concentrations 
or ranges of concentrations in environmental media for specific chemicals. 
Examples of chemical-specific ARARs are federal water quality criteria 
(WQC), air quality standards (federal, state, and local), and maximum 
contaminant levels (MCL) or MCL goals (MCLG), established by the Safe 
Drinking Water Act (SOWA) and RCRA. The National Institute of Occupational 
Safety and Health (NIOSH) sets the permissible exposure level (PEL) for 
hazardous substances in the workplace. The American Council of Governmental 
Industrial Hygienists (ACGIH) has defined a threshold level value (TLV) for 
exposure to hazardous substances. 
presented in Table 8. 

Selected chemical-specific ARARs are 

Location-specific ARARs set restrictions or remedial activities based 
on the characteristics of the environment in the vicinity of the site. 
Selected potential location-specific ARARs are presented in Table 9. 

Action-specific ARARs set restrictions based directly on the nature of 
the alternative. Examples of action-specific ARARs include RCRA regulations 
for disposal of hazardous waste. Selected potential action-specific ARARs 
are presented in Table 10. 

The availability criterion addresses the availability of the equipment 
and expertise required to perform the candidate alternative, as well _as the 
availability of the necessary treatment, storage, or disposal facility. 
Current stage of development and potential vs. current availability are also 
considered. 
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TABLE 8. SELECTED POTENTIAL CHEMICAL-SPECIFIC ARARs 
FOR PROBLEM AREA CHEMICALS 

RCRA SOIJA Marine I.QC S0IJA NIOSHa 
MCL MCL Chronic MCLG PEL 

Chemical (mg/L) (mg/L) (mg/L) (mg/L) (mg/m3) 

Antimony 0.5 
Arsenic 0.0S 0.013 0.01 
Cadniun 0.01 0.01 0.0093 0.005 0.1 
Copper 0.0029 1.3 1.0 
Lead 0.0S 0.05 0.0056 0.02 o.o5b 
Mercury 0.002 0.002 2.5E·05 0.003 0.05 
Nickel 0.0134 0.0071 1 
Zinc 0.058 
.Tetrach loroethene 35 
Hexachlorobenzene 

3~~d 1,2-0ichlorobenzene 0.62 
1,3-Dichlorobenzene 
1,4-0ichlorobenzene 0.75 0. 75 75 
Hexachlorobutadiene 0.032e 
HPAH 
LPAH 
Methylphenanthrenes 
0ibenzothiophene 
Oibenzofuran 
4-Methylphenol 
Phenol 5.8 19 
2-Methylphenol 
Naphthalene 50 
2-Methylnaphthalene 
Bi phenyl 1 
Pentachlorophenol 3.4E·04 0.221 0.5 
Oibenzothiophene 
Ethyl benzenes 0.43 0.681 
Xylenes 435 
Bis(2·ethylhexyl)phthalate 
Benzyl alcohol 
N·nitrosodiphenylamine 
Retene 
Butyl benzyl phthalate 
Phthalate esters 0.034 
PCBs 3.0E-05 

8 8-h time-weighted average unless otherwise indicated· u,its in mgtm3 of air. 

b 10-h time-weighted average. 

c 15-min ceiling. 

d Ceiling value. 

e Lowest observed effect level. 

87 

ACGIHa 
TLV 

(mg/m3) 

o.5h 
o.oo~c 
0.05 

<O. 1h 
0.05 

1 

7 

zoh 

100b 

DUW 80036830 
BVL 

B-DUW2-2073301 



LocatiQl1 

Within 100-year 
floodplain 

Within floodplain 

Within coastal zone 

oceans or waters of 
the United States 

Washington 
waters 

Puget Souid 

Seattle 

State 

8 A= Applicable 

TABLE 9. SELECTED POTENTIAL LOCATION-SPECIFIC ARARs 
FOR CANDIDATE REMEDIAL ALTERNATIVES 

Requirement 

Facility must be 
constructed, 
maintained, and 
operated to prevent 
washout 

Action to avoid ad
verse effects, mini
mize pot en ti al harm, 
restore and preserve 
natural and benefi
cial values 

Conduct activity in 
manner consistent 
with Washington 
Shoreline Management 
Act 

Action to dispose of 
dredged and fill ma· 
terial requires a 
permit 

Prerequisites 

RCRA hazardous waste 
treatment, storage, 
and disposal 

Action wit l occur in 
lowlands and flat 
areas adjoining 
inland and coastal 
waters 

Activities affecting 
coastal zone, 
including shore-
lands, tidelands, 
and submerged lands 

Oceans and waters of 
the United States 

Citation 

40 CFR 264.18(b) 

Executive Order 
11988; 40 CFR 6 
Appendix A 

Coastal Zone Manage
ment Act (16 USC Sec
ti on 1451) 

Washington Shoreline 
Management Act 

Seattle Shoreline 
Master Program 

Clean Water Act Sec
tion 404, 401, 40 CFR 
125 

Status 
(A/RA)a 

RA 

A 

A 

A 

A 

A 

Marine Protection RA 

Disposal of dredged 
material under permit 
authority of the U.S. 
Army Corps of Engi -
neers 

Action affecting the 
natural flow of water 
requires a permit 

Dredged material lllJSt 
meet chemical and 
biological criteria 
for disposal in Puget 
Souid 

Construction activi· 
ties within Seattle 
city limits nust can
ply with city land 
use and permit re
quirements 

Dredged 
disposal 
Sound 

material 
in Puget 

Construction in 
Seattle city limits 

Resources and Sanc-
tuaries Act Section 
103 

Rivers and Harbors 
Appropriations Act 
Section 10 

Department of Fish-
eries and Game 
Hydraulics Permit 
RCW 75-20.100, 
WAC 220-110 

Puget Sound Dredged 
Disposal Analysis 

Seattle Land Use Plan 

A 

A 

RA 

A 

RA= Relevant and appropriate. 
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Location 
Upland disposal 
(closure) of RCRA 
hazardous waste 

Upland disposal 
(containment) of RCRA 
hazardous waste 

Upland disposal (post 
closure) 

Upland disposal of 
extremely hazardous 
waste 

Upland disposal of 
solid waste or dangerous 
waste 

Dredging and disposal 
of dredged material 
open water and nearshore 

TABLE 10. SELECTED POTENTIAL ACTION·SPECIFIC ARARs 
FOR CANDIDATE REMEDIAL ALTERNATIVES 

Requirement Prerequisites Citation 
Removal of all con· RCRA hazardous waste 40 CFR 264.11, 
taminated material placed at site, or 40 CFR 264.228, 

movement of waste and 264.258, 
from one area to 40 CFR 264.228(a)(· 
another 2>, and 264.258(6), 

40 CFR 264.310 

52 CFR 8712 

Construction of new RCRA hazardous waste 40 CFR 264.301, 
landfill onsite placed in new landfill 264.303, 264.304, 

264.310, 264.314, 
Design, maintenance, 268 Subpart D, 
and operation require· 264.220, 264.221 
ments 

Monitoring require· RCRA hazardous waste 40 CFR 246. 1 
ments 

Designation of mater· State extremely WAC 173-303·081 
ial as extremely hazardous waste (EHW) 
hazardous 

Disposal in state· State EH\,/ WAC 173·303·140 
approved facility 

Designation of mater· Material rrust not be WAC 173·303·081 
ial as not extremely classified as EH\,/ 
hazardous waste 

Disposal in an ap· Material rrust not be WAC 173-303·650 
proved surface im· classified as EH\,/ 
pouidnent 

Disposal in an ap· Material must not be King County Health 

Status 
(A/RA)a 

A 

RA 

A 

A 

A 

A 

A 

A 

A 
proved surface im· classified as EHW Department Regulations 
pouidnent 

Dredging in waters of Waters of the United 
the United States States 
requires a permit 

Action to dispose of 
dredged material re· 
qui res a permit 

Dredging or aquatic 
disposal of dredged 
material requires 
state water quality 
certification 

Guidelines and cri· Oceans of the United 
teria for testing States 
dredged material and 
establishing disposal 
sites 

Puget Sound 

Requirement for a Interference with 
hydraulics permit natural water flow of 

Washington state waters 

89 

for Sanitary Land· 
fills 

Clean Water Act Sec· 
tion 404, 40 CFR 125 

Clean Water Act Sec· 
tion 401, 40 CFR 125 

Marine Protection 
Resources and Sane· 
tuaries Act 

Puget Sound Dredged 
Disposal Analysis 
(pending) 

ROI 75·20. 100 
\,/AC 220·110 

A 

A 

RA 

A 

A 
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TABLE 10. (Continued) 

Location 

Uplard disposal 
(groi.ndwater 
protection) 

Transportation of 
hazardous waste 

Requirement 

Requirement for a 
shoreline substantial 
developnent permit 

Prerequisites 

Disposal site within 
Seattle city limits 

Grourdwater monitoring RCRA hazardous waste 
at RCRA disposal 
facilities 

General protection 
requirements 

Regulations for the 
transportation of 
hazardous waste on 
federal highways 

Hazardous waste 
transport on federal 
highways 

Citation 
Seattle Shoreline 
Master Program 

40 CFR 264.90·264.· 
101, 265.90-265.94 

49 C FR 107, 171 . 1 · 
171.500 

Regulations for the 
transportation of 
hazardous waste on 
Washington state 
highways 

Hazardous waste WAC 412-195 

Incineration of dredged Requirements for 
material incineration of RCRA 

hazardous waste 

Direct discharge of 
treatment system 
effluent 

Discharge to a POTwd 

Requirements for in· 
cinerators to achieve 
local standards, new 
source requirements 

Requirements ard cri· 
teria including com· 
pliance wit~ federal 
IJQC and BAT; NPDESc 
permit requirements 

Requirements for dis· 
charges to POT\ls 

Metro Pretreatment 
Program 

transport on ~ashington 
state highways 

RCRA hazardous waste 

Direct discharge to 
waters of the United 
States 

40 CFR 264.340· 
264.999, 265.270· 
265.299 
PSAPCA permit issuance 

40 CFR 125.123(b), 
125.122, 
125.123Cd)(1), 125.124 

Discharge to Metro POTWs 40 CFR 403.5, 40 CFR 
264. 71, 264. 72 

Metro POTW Pretreat· 
ment Program 

Land treatment Design, monitoring RCRA hazardous waste 40 CFR 264.271, 
264.273, 264.276, 
264.278, 264.281, 
264.282, 264.283 

and treatment require· 
ments 

Treatment Proposed stardards RCRA hazardous waste 
for treatment other 
than incineration and 
land treatment 

a A= Applicable 
b RA= Relevant and appropriate. 

Best available technology. 
~ National Pollution Discharge Elimination System. 

50 CFR 40726, 40 CFR 
264, 40 CFR 268.10· 
268.13, 42 u.s.c. 
3004Cd)C3), 3004(e)(3), 
6924Cd)C3), 6924Ce)C3) 

Publically Ol«'led treatment works. 
e These are proposed standards and will probably be applicable once prarulgated. 
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A 

A 

A 

A 

A 

A 

A 
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6.3 COST CRITERIA 

Order-of-magnitude costs were estimated for each combination of 
sediment -remedial alternatives for the selected problem areas. Costs were 
grouped into ~onstruction and implementation (initial cost), and O&M costs. 
Included in the initial costs are the costs associated with engineering 
design, development of specifications, dredging, transport, treatment, 

intertidal habitat replacement, and disposal. O&M costs include all post
disposal onsite activities, including monitoring, and facility upkeep and 
maintenance. Cost estimates for specific items within each category were 

normalized to 1988, using an annual inflation rate of 6 percent. For yearly 
costs associated with monitoring, operation, and maintenance, the present 

worth was calculated using a 10 percent interest rate. A discussion of the 
estimation methods, assumptions, and information sources used is presented 
in the Commencement Bay Feasibility Study, Appendix D (Tetra Tech 1988a). 
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7.0 SELECTION OF PREFERRED ALTERNATIVES 

7.1 EVALUATION OF ALTERNATIVES FOR DENNY WAY PROBLEM AREA 

The 12 sediment remedial alternatives identified in Section 5.0 broadly 
encompass the general approaches and technology types available for sediment 
remediation. In the following discussion, this set of alternatives is 
evaluated to determine the suitability of each for the remediation of 
contaminated sediments in the Denny Way and North Harbor Island problem 
areas. The objective of this evaluation is to identify the preferred 
alternative for each area based on the criteria of effectiveness, imp 1 e
mentabi l i ty, and cost. 

To evaluate sediment remedial alternatives in the Denny Way problem 
area, the indicator chemicals mercury, fluoranthene, chrysene, butyl benzyl 
phthalate, bis(2-ethylhexyl}phthalate, and total PCBs were selected. Areal 
distributions of the indicator chemicals based on target cleanup goals are 
shown in Figures 6-11. The approximate areal extent of sediments which 
exceeded the sediment cleanup goals for organic and inorganic contaminants 
is presented in Figure 27. Interpolation of contaminant concentrations 
between sampling stations was used to define areal distribution of indicator 
chemicals. The concentrations of indicator chemicals were assumed to vary 
linearly between sampling stations. Sediments exceeding sediment cleanup 
goals cover an area of approximately 220,000 yd2. Sediment core data were 
not available for all sampling stations, therefore, the depth of contamina
tion was assumed to be 3 ft. The assumed depth of sediment contamination 
represents an approximation which pertains to costing aspects only. 
Sampling ·prior ~o sediment removal will be necessary to provide more 
precise information on contaminant depths. For remedial alternatives 
requiring sediment removal, a volume of 220,000 yd3 of sediments exceeding 
sediment cleanup goals was used for costing. 
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Figure 27. Approximate areal extent of sediments exceeding 
sediment cleanup goals at Denny Way problem area. 
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Sediments with contaminant concentrations exceeding sediment cleanup 
goals are found at depths ranging from intertidal to approximately 150 ft. 
Dredging is possible to depths of approximately 100 ft with a cl amshel 1 
dredge and 50 ft using a large hydraulic dredge. If dredging below 100 ft is 
necessary, the use of a specialty dredge such as the pneuma pump would be 
required. For sediments in water depths below 100 ft with concentrations of 
contaminants exceeding sediment cleanup goals, in situ capping is also 
possible. Candidate alternatives which involve hydraulic dredging as a 
component technology are not considered for further evaluation because 
depths in the Denny Way problem area extend beyond 50 ft. The substitution 
of clamshell dredging for hydraulic dredging as the sediment removal 
technology is feasible for all alternatives. The need for dredge water 
management and dewatering considerations associated with hydraulic dredging 
are reduced for clamshell dredging when compared with hydraulic dredging. 
Additional dredged material handling for candidate alternatives involving 
upland disposal of treated or untreated sediments is required. 

The presence of both organic and inorganic contaminants in concentra
tions exceeding sediment cleanup goals at the site (Table 2) dictate that a 
treatment process for organics and i norgani cs is appropriate, if sediment 
removal and treatment are component technologies of the remedial alternative. 
Total metals concentrations will limit the applicability of solvent 
extraction, thermal treatment, and land treatment, therefore, the alterna
tives incorporating these treatment processes are not eva 1 uated for the 
Denny Way problem area. Solidification technologies may be successful, 
however, the concentrations of organic contaminants may limit applicability. 

Eight of twelve sediment remedial alternatives are evaluated below for 
the cleanup of the Denny Way problem area: 

■ No action 

■ Institutional controls 

■ In situ capping 
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• Clamshell dredging/nearshore disposal 

• Clamshell dredging/upland disposal 

• Clamshell dredging/solidification/upland disposal 

• Clamshell dredging/confined aquatic disposal 

• Clamshell dredging/solvent extraction/upland disposal. 

The primary evaluation criteria are effectiveness, implementability, 
and cost. A narrative matrix assessing each alternative is presented in 
Table 11. A comparative evaluation of alternatives based on ratings of 
high, moderate, and low in the various subcategories of evaluation criteria 
is presented in Table 12. The subcategories of evaluation criteria are 
short-term protectiveness; timeliness; long-term protectiveness; reduction 
in toxicity, mobility, or volume; technical feasibility; institutional 
feasibility; availability; capital costs; and O&M costs. Remedial costs 
were developed for sediments currently exceeding sediment cleanup goals. 

7.1.1 Short-Term Protectiveness 

The comparative evaluation for short-term protectiveness resulted in 
low ratings for no action and institutional controls, because adverse impacts 
would continue with the sediments remaining in place. Source control 
measures initiated as part of the institutional controls would decrease 
inputs of contaminants, but adverse impacts would persist in the short-term. 

All alternatives involving dredging received moderate ratings primarily 
because of the resuspension of contaminated sediment during removal. The 
clamshell dredging/CAD alternative would also result in sediment resuspension 
at the disposal site. All dredging alternatives would result in the loss of 
benthic habitat in the Denny Way problem area over the short-term. The CAD 
alternatives could also result in the loss of benthic habitat at the 
disposal site. Selection of an appropriate CAD site in a separate contami
nated area could result in the mitigation of the additional area following 
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COMMUNITY 
PROTECTION 
DURING 
IMPLEMENTA
TION 

WORKER 
PROTECTION 
DURING 
IMPLEMENTA• 
TION 

ENVIRONMENTAL 
PROTECTION 
DURING 
IMPLEMENTA
TION 

TIMELINESS 

NO ACTION 

NA 

NA 

Original contamination remains. 
Source Inputs con!lnue. Ad
verse biological Impacts con
tinue. 

Toe no action alternative Is In 
force In the absence of any 
other action. Sediments are un
likely to recover In the absence 
or source control. 

TABLE 11. REMEDIAL ALTERNATIVES EVALUATION MATRIX FOR THE DENNY WAY PROBLEM AREA 

INSTITUTIONAL 
CONTROLS 

There are no elements of lnstl
rutlonal control measures that 
have the potential to cause 
harm during Implementation. 

There are no elements of lnsti
rutlonal control measures that 
have the potential to cause 
harm during Implementation. 

Source control Is Implemented. 
Contaminants remain and ad
verse biological Impacts con
Tlnue at exls!lng levels. 

Access restrictions and mon
itoring efforts can be Imple
mented quickly. Source con
trols can be Implemented within 
1 to 2 years. Partial sediment 
recovery Is achieved narurally, 
but significant contaminant 
levels persist. 

IN SITU 
CAPPING 

Community exposure Is not a 
concern In the Implementation 
of this alternative. COM e,cpo
sure and handling are minimal. 

Workers are not exposed to 
contaminated sediments. 

Existing contaminated habitat 
Is destroyed and replaced with 
dean material. 

In s1ru capping can be Imple
mented within approximately 1 
to 2 years. 

CLAMSHELL DREDGE/ 
NEARSHOAE DISPOSAL 

Public access to dredge and 
disposal sites Is restricted. 
Public exposure potential Is low. 

Operational controls can be Im
plemented during dredging and 
transport to minimize potential 
for worker exposure. Workers 
wear protective gear. 

Existing contaminated habitat 
Is destroyed. Nearshore dis
posal habitat Is lost. Contami
nated sediment Is resuspended. 

Dredge and disposal operations 
could be accomplished within 
approximately 2 years. Disposal 
siting and facility construction 
delay Implementation. 

CLAMSHELL DREDGE/ 
UPLAND DISPOSAL 

Public access to dredge and 
disposal sites Is restricted. 
Exposure from COM spills or 
mishandling Is possible, but 
overall potential Is low. 

Operational controls can be Im
plemented during dredging and 
transport to minimize potential 
for worker exposure. Workers 
wear protective gear. Additional 
COM handling associated with 
dewatering and transport In
creases worker risk over aquatic 
or nearshore disposal. 

Exls!lng contaminated habitat 
Is destroyed. Contaminated 
sediment Is resuspended during 
dredging operations. 

Dredge and disposal operations 
could be accomplished within 
approximately 2 years. Disposal 
siting and facillty construction 
delay implementation . 

CLAMSHELL DREDGE/ 
SOLIDIFICATION/ 

UPLAND DISPOSAL 

PubDc access IO dredge, treat
ment, and disposal sites Is re
stricted. Exposure from CDM 
spills or mishandling Is possible, 
but overall potential Is low. Ex
tended duration of operation 
may result In moderate expo
sure potential. 

Operational controls can be Im
plemented during dredging and 
transport to minimize potential 
for worker exposure. Workers 
wear protective gear. Additional 
COM handling associated with 
treatment Increases worker risk 
over dredge/disposal options. 

Existing contaminated habitat 
Is destroyed. Contaminated 
sediment Is resuspended during 
dredging operaUons. 

Bench and pilot scale testing 
are required. Full scale equip
ment Is available. Remediation 
could be accomplished within 
1 ID 2 years. 

CLAMSHELL DREDGE/ 
CONFINED AQUATIC 

DISPOSAL 

Public access to dredge and 
dlsposal sites Is restricted. 
Community exposure Is negll· 
OiJl'l. 

OperaUonal controls can be Im
plemented during dredging and 
transport ID minimize potential 
for worller exposure. Workers · 
wear protective gear. 

Existing contaminated habitat 
and disposal site habitat are 
destroyed. Contaminated sedi
ment Is resuspended during 
dredging and disposal opera
tions. Dredge water manage
ment Is Improved over hydraulic 
dredging. 

CAO can be accomplished within 
app:oxlmately 1 to 2 years. 

CLAMSHELL DREDGE/ 
SOL VENT EXTRACTION/ 

UPLAND DISPOSAL 

Public access to dredge, treat
ment, and disposal sites Is re
stricted. Extended duration of 
treatment operations may result 
In moderate exposure potential. 

Additional COM handling asso
ciated with treatment Increases 
worker risk over dredge/disposal 
options. Workers wear protec
tive gear. 

Exis!lng contaminated habitat 
Is destroyed. Contaminated 
sediment Is resuspended during 
dredging operations. 

Bench and pilot scale tes!lng 
are required. Full scale equip
ment Is available. Remediation 
could be accomplished within 
1 to 2years. 

2:t----tr------1---------+--------t--------~-------J-.-------...J-.------~--------+--------f 1-- LONG-TERM COM containment Is not an COM containment Is not an The long-term reliability of the Nearshore confinement fadlltles Upland confinement facilities Upland confinement facilities The long-term reliability of the Treated COM low In metals can 
O RELIABILITY OF aspect of this alternative. aspect of this alternative. cap to prevent contaminant re- structurally reliable. Dike and may be considered strucruralty may be considered structurally cap to prevent contaminant re- be used as Inert construction 

CONTAINMENT exposure In the absence of cap repairs can be readily ac- rellable. Dike and cap repairs reliable. Treated COM may be exposure In the absence of material or disposed of at a 
W FACILITY physical disruption Is cons!- compllshed. can be readily accomplished. suitable ror use as Inert con- physical disruption Is consider- standard solid waste landfill. 
11. dered acceptable. Underdrain or liner camot be strucUon material or disposal at ed .icceptable. 
11. Cl) repaired. a standard solid waste landfill. 
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PROTECTION OF 
PUBLIC HEAL TH 

PROTECTION OF 
ENVIRONMENT 

REDUCTION IN 
TOXICITY, 
MOBILITY, AND 
VOLUME 

The poten!lal for exposure to 
harmful sediment contaminants 
via lnges!lon of contaminated 
food species remains. 

Original contamination remains. 
Source Inputs continue. 
Exposure potential remains at 
exls!lng levels or Increases. 

Sediment toxicity and contam
inant mobllty are expected to 
remain at current levels or 
Increase as a result of con!lnued 
source Inputs. Contaminated 
sediment volume Increases as 
a result of continued source 
Inputs. 
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Toe potential for exposure to 
harmful sediment contaminants 
via lnges!lon of contaminated 
food species remains, albeit at 
a reduced level as a result of 
consumer warnings and source 
controls. 

Original contamlnadon remains. 
Source Inputs are controlled. 
Adverse biological effects con
Tlnue but dedlne slowly as a 
result of sediment recovery and 
source control. 

Sediment toxicity Is expected 
ID dedlne slowly with time as a 
result of source Input reductions 
and sediment recovery. Con
taminant rnobllty Is unaffected. 
Volume of contaminated sedl· 
men! remains al preremedlation 
level or declines. 

The conflnement system pre
dudes public exposure to con
taminants by Isolating contami
nated sediments from the over
lying biota. Protection Is ade
quate. 

The confinement system pre
dudes environmental e,cposure 
IO contaminated sediment 
Thickness of overlying cap pre
vents exposure of burrowing 
organisms. Potential for con
taminant migrat!On Is low be
cause CDM Is maintained at In 
situ conditions. 

The toxicity of contaminated 
sediments In the confinement 
zone remains at preremedlatlon 
levels. Mobility or contaminants 
remains at preremedlatlon level. 
Volume of contaminated sedi
ments Is unaffected. 

The confinement system pre
dudes public exposure to con
taminants by Isolating COM. 
Variable physlcochemlcal con
dldons In !he fill Increase poten
Tlal for contaminant migralion 
over CAD. 

The connnement system pre
dudes environmental exposure 
ID contaminated sediment. The 
poten!lal for contaminant mlgra
Tlon Into marine environment Is 
Increased over CAD. 

The toxicity of COM In the con
finement zone remains at pre
remediation levels. Altered 
conditions resulting from 
dredge/disposal operations 
may Increase rnoblllty of metals. 
Volume of <:ont:amlnated sedi
ments 15 not reduced. 

The confinement system pre
dudes pub/le exposure to con
taminants by lsola!lng CDM. 
The poten!lal for groundwater 
contamination Is low. Upland 
disposal facllllles are more 
seo.ire than nearshore fadll!les. 

Upland disposal Is seaire, with 
negligible potential for environ
mental Impact If property de
signed. Potential for shallow 
groundwater contamlna!lon 
exists. 

Toe toxicity of CDM In the con
nnement zone remains at pre
remediation levels. The poten
tial for migration of metals Is 
greater for upland disposal than 
for CAO or nearshore disposal. 
Volume ol contaminated sedi
ments Is nor reduced. 

Harmful contaminants are bound 
In Iha !Teated CDM The poren
dal for groundwater contamina
tion Is low. Permanent treatment 
for contaminants Is not effected. 

Upland disposal Is seo.Jre, con
taminant rnonllOring Is Improved 
over nearshore. Poten!lal for 
shallow groundwater contamina
tion exists. 

The toxicity or rreated COM Is 
not reduced. Mobility of con
taminants Is reduced. Volume 
of COM for disposal Increases. 

The conflnement system pre
dudes public exposure to con
taminants by Isolating contami
nated sediments from the over
lying biota Protection Is ade
quate. 

The confinement system pre
dudes environmental exposure 
to contaminated sediment 
ThlcknesS of overlying cap pre
vems exposure of burrowing 
organisms. Potential for con
taminant migration Is low be
cause COM Is maintained at In 
situ conditions. 

The toxlclty and mobllty of con
tan1<11aled sediments In the con
!lnement zone remains at pnt
remedlatlon levels. Volume or 
COM Is not reduced. 

Harmful organic contaminants 
are removed from COM. con
centrated contaminants are dis
posed of by RCRA- approved 
treatment or disposal. Perma
nent treatment for organic con
taminants Is effected. 

Harmful organic contaminants 
are removed from COM. Con
centrated contaminants are dis
posed of by RCRA- approved 
treatment or disposal. Residual 
contamination Is reduced below 
harmful levels. 

Harmful contaminants are re
moved rrom COM Concen
trated contaminants are dis
posed or by RCRA- approved 
treatment or disposal. Toxicity 
and moblllty considerations are 
ellmlnaled. Volume of contami
nated material Is substantially 
reduced. ouw 80036839 
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FEASIBILITY AND 
RELIABILITY OF 
REMEDIAL 
ACTION 
PROCESS 
OPTIONS 

IMPLEMENTATION 
OF MONITORING 
PROGRAMS 

IMPLEMENTATION 
OF OPERATING 
AND MAINTE
NANCE 
PROGRAMS 

APPROVAL OF 
RELEVANT 
AGENCIES 

COMPLIANCE 
WITH CHEMICAL
AND LOCATION
SPECIFIC ARARS 
AND GUIDELINES 

AVAILABILITY OF 
SITES, EQUIP
MENT, AND 
METHODS 

NO ACTION 

lmplementat!on of this altema• 
live Is feasible and reliable. 

No monitoring over .nd above 
programs establlshed under 
other authorities are Imple
mented. 

There are no O & M requirements 
associated with the no action 
alternative. 

Approval Is denied as a result of 
agency commitments to mitigate 
observed biological effects. 

AET revers In sediments are ex
ceeded. No permit requirements 
exist. This alternative fails to 
meet the Intent of NCP because 
of ongoing Impacts. 

All materials and procedures are 
avallable. 
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TABLE 11. (CONTINUED). 

INSTITUTIONAL 
CONTROLS 

Source control and Institutional 
control measures are feasible 
and rellable. Source control 
reliablllty assumes all sources 
can be ldentlffed. 

Sediment monitoring schemes 
can be readily Implemented. 
Adequate coverage of problem 
area would require an extensive 
program. 

O & M requirements are minimal. 
Some o & M Is associated wlln 
monitoring, maintenance of 
warning signs, and Issuance ot 
ongoing health advisories . 

Requirements for agency appro
vals are minimal and are ex
pected to be readily obtainable. 

AET revels In sediments are ex• 
ceeded. This alternative tails 10 
meet Intent of NCP because of 
ongoing lmpactS. Slate require
ments for source control are 
achieved. Coordlnatton wlth 
Seattle-King County Health De
partment !or health advisories 
for seafood consumption. 

All materials and procedures are 
available to Implement lnstltu
ttonal controls. 

IN SITU 
CAPPING 

Clamshell dredges and split· 
hulled barges are conventional 
and refiable equipment In situ 
capping Is a demonstrated tech
nology. 

Confinement reduces monitoring 
requirements In m mpart son to 
lnstlMional controls. Sediment 
monitoring SChemes can be 
readily Implemented. 

O & M requirements are minimal. 
Some O & M associated with 
monitoring. 

Approvals from the City of 
Seattle, COE, EPA, and state 
agendas are feasible. 

WISHNOSHA worker protection 
Is required. Section 401 and 
404 permits, hydraulics permit, 
and Shoreline Management 
permit are required. 

Equipment and methods to Im
plement this afternattve are 
readily available. 

CLAMSHELL DREDGEJ 
NEARSHORE DISPOSAL 

Clamshell dredges and split• 
hulled barges are conventional 
and rellable equipment Near• 
shore confinement of COM has 
been successfully accompllsh· 
ed. 

Monitoring can be readily Imple
mented 10 detect contaminant 
migration through dikes. Im
proved connnement enhances 
monllDring compared With CAO. 

0 & M requirements consist of 
Inspections, groundskeeplng, 
and maintenance of mon110rtng 
equipment. 

Approvals from the City of 
Seattle, COE, EPA, and state 
agencies are feasible. Availa• 
blllty of approvals for facility 
slUng are uncertain but are as
sumed feasible. However, dis
posal of untreated COM Is con
sidered less deslrable than If 
COM Is treated. 

WISHNOSHA worker protection 
required. Sections 401 and 404, 
hydraulics, and Shoreline Man
agement permits are required. 
Shoreline development permit 
requJred lor disposal siting. 

Equipment Sl)d methods to Im
plement alternattve are readily 
avallable. Potential nearshore 
disposal sites have been lden
Ufled but none are rurrentty 
available. 

CLAMSHELL DREDGEJ 
UPLAND DISPOSAL 

Clamshell dredges and spilt
hulled barges in conventional 
and reliable equipment Sew'e 
upland conffnemtnt technology 
Is well developed. 

Monitoring can be readily Imple
mented to deteet contaminant 
mlgratfon through dikes. Im
proved conflnement enhaneeS 
monitoring over CAD. Installa
tion of monitoring systems Is 
rouune aspect of taclllty siting. 

O & M requirements consist of 
Inspections, groundskeeplng, 
and maintenance of monitoring 
equipment. 

Approvals from the Clty of 
Seattle, COE, EPA, and state 
agencies are feasible. Coordl
nauon Is required for establish
ing discharge alteria for dredge 
water maintenance. However, 
disposal of untreated COM Is 
considered less desirable than If 
COM Is treated . 

WISHA/OSHA worker protection 
required. Sections 401 and 404, 
hydraulics. and Shoreline Man
agement permits are required. 

Equipment and methods to Im
plement alternative are readily 
available. Potential upland dis
posal sites haVe not been ldenti• 
fled ror disposal of untreated 
COM. 

CLAMSHELL DREDGE/ 
SOLIDIFICATION/ 

UPLAND DISPOSAL 

Clamshell dredges and split• 
hulled barges are conventional 
and retlable equipment Solldl
ffcation process would require 
bench and pilot scale tasting to 
determine retlablllty and feasl
blllry of large scale process. 

Monitoring can be readily Imple
mented to detect contaminant 
mlgradon. 

O & M msts are minimal at the 
condllslon of COM trealment. 
System maintenance Is Inten
sive during lmplernentaUon. 

Approvals depend largely on 
result of pllot testing and nature 
of the material following treat• 
ment 

WISHAIOSHA worker protection 
required. Sections 401 and 404, 
hydraulics, and Shorellne Man
agement permits are required. 
Requires approval from Sea ttJe. 
KJng County Health Department 
for disposal. 

Equipment and methOds to Im
plement alternative are readily 
available. Upland disposal sites 
are potentially available. 

CLAMSHELL DREDGEJ 
CONFINED AQUATIC 

DISPOSAL 

Clamshell dredges and spilt
hulled barges are conventional 
and reltable equipment CAO of 
contaminated sediments Is 
feasible and reliable. CAO Is a 
demonstrated containment tech· 
nolo(IY. 

eonnnement reduces monitoring 
requirements In comparison to 
lnsUtutlonal contrOls. Sediment 
mo11ltoring schemes can be 
readily Implemented. 

o & M requrements are minimal. 
Some O & M associated with 
monitoring. 

Approvals from the Clty of 
Seattle, COE, EPA, and state 
agencies are feasible. However, 
disposal of untreated COM Is 
cor:sidered less desirable than If 
COM Is treated. 

WISHA/OSHA worker protection 
reqi.lred. Sections 401 and 404, 
hydraulics, and Shoreline Man
agement permits are required. 

Equlpmentand methods to Im• 
plement alternative are readlly 
available. Open water CAD 
slte5 are potentially available. 

CLAMSHELL DREDGE/ 
SOLVENT EXTRACTION/ 

UPLAND DISPOSAL 

Sludges, soils, and sediments 
have successfully been treated 
using this technology. 

Monitoring Is required only ID 
evaluate the reestablishment 
of benlhlc communities. Monl
lOring programs can be readily 
Implemented. 

No O & M costs are Incurred at 
the conclusion of COM treat· 
ment System maintenance Is 
Intensive during lmplementaUon. 

Approvals depend largely on re
sults of pilot testing and the na• 
l!Jre of treatment residuals. 

WISHA/OSHA worker protectton 
required. Section 404 permit Is 
required. Alternative compiles 
with EPA policy for permanent 
reduction In contaminant mobil
ity. Requires RCRA permit for 
disposal of concentrated organ
ic waste. 

Process equipment available. 
Disposal site avafiablliry Is not a 
primary concern because of re
duction In hazardous nature of 
material. 

DOW 80036840 
BVL 

B-DUW2-2073311 



TABLE 12. EVALUATION SUMMARY FOR DENNY IIAY PROBLEM AREA 

Clamshell/ Clamshell/ 
Clamshell/ Clamshell/ Solidification/ Solvent Extraction/ 

Institutional In Situ Near shore Upland Upland Clamshell/ Upland 
No action Controls Capping Disposal Disposal Disposal CAO Disposal 

Short·Tenn 
Protectiveness Low Low High Moderate Moderate Moderate Moderate Moderate 

Timeliness Low Low High Moderate Moderate Moderate High Moderate 

Long-Term 
Protectiveness Low Low High Moderate Moderate High High High 

Reduction in Toxicity, 
Mobility, or Volune Low Low Low Low Low Moderate Low High 

Technical 
Feasibility High High High Moderate Moderate Moderate Moderate Moderate 

\0 Institutional 0) 
Feasibility Low Low Moderate Moderate Moderate Moderate Moderate Moderate 

Availability High High High Low Low Moderate Low Moderate 

Estimated Cost 

Initial 30,000 1,500,000 2,700,000 7,900,000 13,000,000 900,000 44,000,000 
O&M 460,000 2,200,000 300,000 500,000 400,000 2, 100,000 400,000 
Total 490,000 3,700,000 3,000,000 8,400,000 13,400,000 3,000,000 44,000,000 
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capping with clean material. The clamshell dredging/nearshore disposal 
alternative would result in the loss of nearshore habitat over the short
term. Upland disposal involves increased handling of dredge material when 
compared with nearshore and confined aquatic disposal options. Alternatives 
involving solidification and solvent extraction technologies would require 
additional dredge material handling and longer implementation periods, 
increasing the exposure potential for workers and the community. 

The in situ capping alternative rated high for short-term protective
ness. Contaminant redi stri but ion and the potent i a 1 for pub 1 i c or worker 
exposure is minimized because the sediments are left in place. 

7.1.2 Timeliness 

The no action and institutional control alternatives received low 
ratings for timeliness. With no action, sediments remain unacceptably 
contaminated, source inputs continue, and natural recovery is unlikely. 
Source inputs are controlled under the institutional controls alternative, 
but as discussed in Section 3.1.4, sediment recovery based on the indicator 
chemicals is estimated to be improbable within a reasonable timeframe for 
Denny Way problem area sediments. 

Moderate ratings were assigned to the two alternatives involving 
treatment technologies and the alternatives involving nearshore and upland 
disposal facilities. Approval and construction of an upland or nearshore 
disposal facility is estimated to require 1-2 yr. Equipment and methods 
required for construction are already developed. Pre-implementation testing 
would not be extensive, and overdesign of the facility would further 
decrease testing requirements. The solvent extraction and solidification 
alternatives would require extensive testing before being accepted. Siting 
and construction .of a treatment facility, and pilot testing are estimated to 
require 1-2 yr. Once approval is obtained, treatment of contaminated 
sediments could be accomplished within approximately 2 yr, assuming treatment 
rates of 500 yd3/day. 
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The in situ capping and clamshell dredging/CAD alternatives were rated 
high for timeliness. Pre-implementation testing and modeling may be 
necessary to evaluate the potential for contaminant releases during dredging 
and contaminant migration through the cap. Such testing is estimated to 
require 6 mo .. Following approval of a disposal site, related testing, and 
modeling, the CAD alternative could be accomplished within approximately 
6 mo. Disposal siting issues are less likely to delay implementation of the 
CAO alternative for Denny Way problem area sediments than for alternatives 
involving nearshore or upland disposal. The in situ capping alternative 
could feasibly be accomplished within approximately 6 mo after obtaining 
approval. 

7.1.3 Long-Term Protectiveness 

The evaluation for long-term protectiveness resulted in low ratings for 
the no action and institutional controls alternatives because the timeframe 
for sediment recovery is long. Following the implementation of source 
controls for the institutional controls alternative, contaminated sediments 
and bioaccumulation of toxic contaminants, environment would remain. 
Adverse biological impacts, such as decreased benthic abundance and 
bioaccumulation of toxic contaminants, would continue even though sediment 
contamination levels would be expected to decline. 

Moderate ratings were assigned to the clamshell dredging/nearshore 
disposal and clamshell dredging/upland disposal alternatives for the Denny 
Way problem area primarily because of the increased potential for contaminant 
migration associated with disposal. Physicochemical changes, primarily 
redox reactions, that would occur when dredged material is placed in these 
disposal facilities would tend to increase the potential for contaminant 
migration_. Dredge material testing and modeling would provide additional 
information of potential contaminant migration. The dynamics of the 
nearshore environment require consideration of long-term maintenance and 
design of a structurally reliable facility. An upland disposal facility 
with additional engineering controls can be considered secure; however, the 
security of the facility is offset by the potential for groundwater 
contamination. 
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The solidification and solvent extraction alternatives both received a 

high rating for long-term protectiveness. Immobilization of the contaminants 

via solidification or removal of contaminants via solvent extraction render 
the dredge material nonhazardous, assuming the treatment technologies are 
effective. 

The in situ capping and clamshell dredging/CAD alternatives were rated 

high for remediation of Denny Way problem area sediments under the long-term 
protectiveness criterion. Maintaining or disposing of dredged material at 
in situ conditions reduces the potential for contaminant migration compared 
with nearshore or upland disposal. Isolation of the material in the 
subaquatic environment also provides a high degree of protection, with 

limited potential for exposure of contaminated sediments to the community 

or the environment. 

7.1.4 Reduction in Toxicity, Mobility, or Volume 

Low ratings were assigned to all alternatives under this criterion, 
except those involving treatment. Although capping, confined aquatic 
disposal, upland, and nearshore disposal alternatives isolate contaminated 

sediments from the surrounding environment, the chemistry and toxicity of 
the material itself would remain largely unaltered. For nearshore and 

upland disposal alternatives, the mobilization potential for untreated 

dredged material may actually increase with changes in redox conditions. 

Without treatment, the toxicity of contaminated sediments would remain at 
preremediation levels. Contaminated sediment volumes would not be reduced. 

The solidification alternative received a moderate rating for this 
criterion, because the contaminants would be immobilized but not rendered 

non-hazari:lous. The potential for leaching over long periods of time would 
remain, although at lower levels than for untreated sediments. The addition 

of the solidification agent would also probably increase the volume of 

dredged material requiring disposal. 
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The solvent extraction alternative received a high rating for this 
criterion because it would effectively remove organic contaminants and 
render inorganic contaminants environmentally unavailable through reaction 
with sediment residuals. The solvent extraction process would also 
concentrate the remaining toxic substances into a smaller volume for 
disposal. Results of bench scale testing of residuals would provide 
sufficient data to substantiate sediment detoxification. 

7.1.5 Technical Feasibility 

The no action, institutional controls, and in situ capping alternatives 
received a high rating for technical feasibility. In situ capping received 
a high rating for technical feasibility because the equipment, technologies 
and expertise required for implementation are readily accessible. The 
technologies have been demonstrated to be reliable and effective elsewhere 
for similar operations. The no action alternative does not involve technical 
considerations, and the institutional controls alternative involves only 
minimal technical considerations. 

Alternatives involving treatment received moderate ratings for the 
technical feasibility criterion because the treatment processes would 
require bench- and pilot-scale testing. The application of solidification 
and solvent extraction procedures to the particular mixture of organic and 
inorganic contaminants measured in Denny Way offshore sediments would 
require a demonstration of process suitability. Although both processes are 
believed to be suitable for application to contaminated dredge material, 
caution when selecting a treatment technology is warranted. 

The alternatives involving clamshell dredging and nearshore, upland, or 
confined _aquatic disposal received moderate ratings under the technical 
feasibility criterion. If removal of contaminated sediments from depths 
below approximately 100 ft is rejected from consideration, the technical 
feasibility of the alternatives would increase. 

Env i ronmenta 1 monitoring is an i ntegra 1 component of the techn i ca 1 
feasibility criterion. Monitoring techniques are well-established and 
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technologically feasible for all alternatives. Similar techniques would be 
applied to all alternatives, although the alternatives will have different 
sampling requirements depending on the disposal option. Monitoring is 
considered in the evaluation process, but is not weighted heavily in the 
ratings because monitoring requirements are not expected to influence the 
feasibility of the different alternatives. 

7.1.6 Institutional Feasibility 

The no action and institutional controls alternatives were assigned low 
ratings for institutional feasibility. Long-term protection of public 
health and the environment are not accomplished through implementation of 
either alternative at the Denny Way problem area. Neither of these 
alternatives would comply with the mandate of the Puget Sound Water Quality 
Authority for improving the quality of Puget Sound. 

Moderate ratings were assigned to the remaining alternatives for 
several reasons. Potential difficulties may arise in obtaining approval for 
treatment and disposal sites, and for implementing treatment technologies. 
Significant uncertainty remains regarding potential aquatic, nearshore and 
upland disposal site availability. The development and construction of an 
upland or nearshore disposal site that would be suitable for contaminated 
dredge material would pose complex legal and bureaucratic concerns. 

7.1.7 Availability 

The no action, institutional controls, and in situ capping alternatives 
were rated high under the availability criterion because they can be readily 
implemented. Because of the nature of the no action and inst itut i ona 1 
controls _alternatives, equipment and disposal site availability are not 
obstacles to implementation. Equipment and expertise are readily available 
for the in situ capping alternative. Disposal site availability is .not a 
consideration because the Denny Way problem area will become both the 
treatment and the disposal site. 
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Sediment remedial alternatives that involve disposal of untreated 
contaminated dredge material at a nearshore, upland or confined aquatic 
disposal site were rated low under the availability criterion. Candidate 
alternatives were developed under the assumption that nearshore, upland, and 
confined aquatic disposal sites will be available. However, no sites are 
currently approved for use and no approved sites are currently under 
construction. Equipment and expertise for the implementation of the 
clamshell dredging/CAD, clamshell dredging/nearshore disposal, and clamshell 
dredging/upland disposal are readily available. 

The remedial alternatives involving solidification and solvent 
extraction with upland disposal of the treated sediments were rated moderate 
under the availability criterion. Equipment availability is not expected to 
be an obstacle. However, the treatment facility will require construction 
and testing. Assuming treatment technologies are successful, disposal at an 
upland facility would be feasible. 

7 .1.8 Cost 

Order-of-magnitude costs were estimated for each combination of remedial 
alternative and problem area. Costs were grouped into the following 
categories: 

■ Construction and implementation {initial) - Costs for 
engineering design, development of specifications, dredging, 
transportation, treatment, intertidal habitat replacement, 
and disposal. 

■ Operation and maintenance - O&M costs associated with all 
_ post-disposal onsite activities, including monitoring. 
Engineering site inspections of containment structures, 
erosion control, drainage, repairs, and landscape upkeep are 
all aspects of O&M. The latter category includes fertili
zation, mowing, and general maintenance of site vegetation. 
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Monitoring activities are designed for both short- and long-term 
surveillance of containment structure or cap performance. In practice, 
activities should begin just prior to the disposal operation and remain 
intense for the first year, tapering off over the course of an assumed 30-yr 
program. In this manner, failure to initially contain sediment contaminants 
can be detected immediately. In addition, frequent monitoring after 
completion of the remedi a 1 action a 11 ows an assessment of the rate and 
extent of contaminant migration that can be expected to occur over the long 
term. Assuming that initial monitoring efforts confirm predicted rates of 
contaminant migration based on preimplementation bench-scale tests and 
modeling studies, it is reasonable to assume that the sampling frequency can 
be reduced over time. The lack of contaminant releases within approximately 
1 yr of sediment disposal indicates that the level of monitoring can be 
reduced. 

Cost estimates for specific items within each category were normalized 
to 1988, using an annual inflation rate of 6 percent. For yearly costs 
associated with monitoring, operation, and maintenance, the present worth 
was calculated using a 10 percent interest rate. A discussion of the 
estimation method, assumptions, and information sources used is presented in 
Appendix D of Tetra Tech (1988a). 

Candidate sediment remedial alternative initial and O&M costs for the 
Denny Way problem area are presented in Table 12. A complete breakdown for 
each candidate alternative and examples of remedial costs for selected 
Commencement Bay Feasibility Study alternatives are presented in Appendix D 
{Tetra Tech 1988a). The alternatives selected for the Commencement Bay 
Feasibility Study {Tetra Tech 1988a) are intended to provide an example for 
different alternatives possibly suitable to Elliott Bay (i.e., clamshell 
dredge/th~rmal treatment/upland disposal). The alternatives evaluated for 
the Denny Way problem area are presented in order from lowest to highest 
initial cost. 

Initial costs for the institutional controls alternative are minimal. 
The O&M costs for this alternative are similar to alternatives involving 
nearshore and upland disposal, primarily because environmental monitoring of 
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the relatively large problem area is more difficult than an upland or 
nearshore disposal site. Initial costs for the clamshell dredge/confined 
aquatic disposal alternative are lower than the in situ capping alternative, 
only because the cap thickness for in situ capping is assumed to be 6 ft 
thick versus~ 3-ft cap thickness for a confined aquatic disposal site. If 
a 3-ft cap is determined to be adequate, initial costs of the in situ 
capping and confined aquatic disposal would be approximately equal. The O&M 
costs for the in situ capping and clamshell dredge confined aquatic disposal 
alternatives are nearly equal, with the differential arising from the site 
maintenance costs. The confined aquatic disposal site may be designed to 
cut monitoring costs through confinement in a smaller area, but for costing 
purposes, the area requiring monitoring is assumed to be equa 1 for the in 
situ capping and confined aquatic disposal alternatives. 

Initial costs for the clamshell dredging/nearshore disposal alternative 
are roughly double the initial costs of the in situ capping alternative. 
Design and construction of a nearshore disposal, including mitigation for 
destruction of intertidal habitat at the disposal site, accounts for the 
majority of the initial cost differential between the two alternatives. The 
O&M costs for the nearshore facility are the lowest of any alternative. The 
low unit cost for site maintenance and the consolidation of dredge material 
into a relatively small area for disposal (assuming a 30-ft fill depth) 
requires minimal monitoring and maintenance costs. 

The initial costs for the clamshell dredge/upland disposal alternative 
are roughly double the initial costs of the clamshell dredge/nearshore 
disposal alternative. Requirements for upland disposal of COM to provide 
adequate levels of protectiveness, yield relatively high initial costs for 
disposal facility construction. Operation and maintenance costs for an 
upland facility are similar to all other alternatives, except in situ 
capping and confined aquatic disposal. 

The candidate alternatives involving solidification or solvent 
extraction technologies both have high initial costs. Operation and 
maintenance costs for the alternatives involving treatment technologies are 
similar to the costs for untreated sediment disposal at an upland facility, 
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with the cost differential arising from reduced analytical costs for treated 
sediments. 

7.2 PREF.ERRED ALTERNATIVE FOR DENNY WAY PROBLEM AREA 

The evaluation of candidate sediment remedial alternatives for the 
Denny Way problem area resulted in the selection of in situ capping as the 
preferred alternative. The total estimated cost of the alternative is 
roughly equal to the costs of the clamshell dredge/confined aquatic disposal 
alternative. The in situ capping alternative rated high for short-term and 
long-term protectiveness, timeliness, technical feasibility, and avail
ability. The technical feasibility of removing sediments from depths below 
100 ft and the lack of a designated disposal for contaminated sediments were 
also key components of the evaluation process. 

Alternatives that involve dredging and subsequent upland disposal of 
treated or untreated sediments received 1 ower ratings for the majority of 
effectiveness and implementability criteria. The increased costs for the 
upland disposal alternatives and liability issues associated with disposal 
of contaminated dredge material at an upland site decrease the ratings for 
these alternatives. The decrease in mobility, toxicity, and volume 
associated with treatment of contaminated dredge material are not considered 
to be a cost effective solution to remediation of problem areas. 

Metro is presently proposing to cap sediments offshore of the Denny Way 
CSO with clean material obtained from the Duwamish River head of navigation. 
The proposed capping project will be performed in cooperation with the Army 
Corps of Engineers during the next Duwamish River maintenance dredging 
scheduled for February 1989 (Romberg and Sumeri 1988). The proposed capping 
project will enclose an area approximately 600 ft long (longshore direction) 
and 200 ft wide (offshore direction). Clean dredged sediment will be placed 
over the proposed capping area using a method similar to that employed in 
the lower Duwamish capping project (Romberg and Sumeri 1988). The proposed 
capping area (120,000 ft2) will not cover the entire areal extent of 
contaminated sediments in the Denny Way problem area identified in this 
document (220,000 yd2). However, the remedial area proposed by Metro 
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includes the most highly contaminated sediments in the vicinity of the CSO 
outfall. Although it is preferable to control all contaminant sources prior 
to sediment remediation, Metro intends to use the clean capped area as a 
monitoring tool to aid in identification and subsequent elimination of 
remaining contaminant sources in the Denny Way CSO drainage basin (Romberg 
and Sumeri 1988). 

7.3 EVALUATION OF ALTERNATIVES FOR NORTH HARBOR ISLAND 

The indicator chemicals mercury and total PCBs were selected to 
represent the nature and extent of contamination at North Harbor Island. 
The approximate areal extent of sediments which exceed sediment cleanup 
goals based on mercury and total PCB concentrations is presented in 
Figure 28. Concentrations of indicator chemicals were assumed to vary 
linearly between and away from sampling stations for interpolation of 
problem area boundaries. Sediments exceeding sediment cleanup goals in the 
North Harbor Island problem area cover an area of approximately 370,000 yd2. 
The vertical extent of contaminated sediments which exceeded sediment cleanup 
goals is not defined, because sediment core data are not available. A depth 
of 3 ft is assumed for contaminated sediments exceeding sediment cleanup 
goals. The assumed depth of 3 ft produces a volume of 370,000 yd3 for use in 
evaluating candidate sediment remedial alternatives. The actual implementa
tion of a sediment remedial alternative over a larger or smaller area may 
prove to be more feasible or cost-effective when mobilization, disposal site 
acquisition and development, and treatment technologies are considered. For 
example, if a feasible treatment technology is developed for the particular 
suite of contaminants found in the North Harbor Island problem area, 
dredging sediments from additional problem areas with similar contaminants 
may help defray initial costs for the treatment technology development. 

In addition to the indicator chemicals mercury and total PCBs, sediments 
in the North Harbor Island problem area exceeded target cleanup goal_s for 
the compounds listed in Table 3. The indicator chemicals were the most 
widely distributed contaminants. However, the evaluation of treatment 
technologies must also address additional contaminants that exceed target 
cleanup goals (i.e., copper, polycyclic aromatic hydrocarbons, 2,4-dimethyl-
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Figure 28. Approximate areal extent of sediments exceeding sediment 
cleanup goals in North Harbor Island problem area. 
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Figure 29. Previous dredging projects in the North Harbor Island 
problem area. 
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phenol). Treatment tech no log i es used to remed i ate organic and inorganic 
contamination are appropriate for the North Harbor Isl and problem area. 
Unfortunately, most treatment technologies have displayed only limited 
effectiveness when treating both organic and inorganic contaminants 
simultaneously. Thermal and land treatment are inappropriate for the 
remediation of inorganic contaminants at the concentrations measured in 
sediments in the North Harbor Island problem area. Therefore, the candidate 
alternatives involving these technologies are not considered further. 
Solidification and solvent extraction are retained for further evaluation. 
Bench and pilot scale testing that may be required before implementing 
treatment technologies. Volatile organic contaminants (e.g., xylenes) were 
among contaminants measured in the problem area at relatively high concentra
tions (PTI and Tetra Tech 1988). Volatile organic contaminants should not 
present a major obstacle to the implementation of a sediment remedial 
alternative. Monitoring will be necessary to determine if volatile organic 
compounds are potentially harmful, or if volatile organic compounds warrant 
use of a treatment technology (e.g., air stripping}. 

Sediments with concentrations of indicator chemicals exceeding sediment 
cleanup goals in the North Harbor Island problem area were measured at depths 
ranging from intertidal to approximately 165 ft at Station 10016 (Figure 15) 
(Malins et al. 1979). Clamshell dredging is only possible to depths of 
approximately 100 ft, and hydraulic dredging is limited to depths of 50 ft 
or less. Candidate sediment remedial alternatives that involve hydraulic 
dredging as a component technology were not retained for further evaluation. 
Instead, clamshell dredging was retained as the removal technology for 
sediment remedial alternatives which include sediment removal. The technical 
feasibility of the remedial alternatives that involve sediment removal is 
downgraded because of the depths associated with sediments that exceed 
sediment cleanup goals. 

Businesses utilizing the north end of Harbor Island include an active 
shipyard (Todd), an oil unloading and transfer facility, and the Puget Sound 
Tug and Barge Company (Figure 14). The only site within the North Harbor 
Island problem area where previous dredging has been documented based on a 
review of available dredging permits (Tetra Tech in preparation) is shown in 
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Figure 29. Shipping activity in the area must be considered when evaluating 
dredging and capping remedial alternatives. Dredging activities must be 
implemented during periods of minimal disruption by shipping activities. A 
spokesperson for Todd Pacific Shipyards indicated that maintenance dredging 
is required ~n some areas of the facility (Petrovic, B., 27 April 1988, 
personal communication), and that in situ capping of contaminated sediments 
may adversely impact the facility. In situ capping is not retained for 
further evaluation because of maintenance dredging requirements. 

Seven of twelve candidate sediment remedial alternatives are evaluated 
below for the North Harbor Island problem area. The candidate sediment 
remedial alternatives selected for evaluation in the North Harbor Island 
problem area include the following: 

■ No action 

■ Institutional controls 

■ Clamshell dredging/confined aquatic disposal 

■ Clamshell dredging/nearshore disposal 

■ Clamshell dredging/upland disposal 

■ Clamshell dredging/solidification/upland disposal 

■ Clamshell dredging/solvent extraction/upland disposal. 

A narrative matrix assessing each of the above alternatives based on 
effectiveness, implementability, and cost is presented in Table 13. The 
narrative matrix.is similar to that presented in Table 11 for the Denny Way 
problem area. A comparative evaluation of sediment remedial alternatives 
for the North Harbor Island problem area based on ratings of high, moderate, 
and low in the various subcategories of evaluation criteria is presented in 
Table 14. Subcategories of evaluation criteria include short-term protec
tiveness; timeliness; long-term protectiveness; reduction in toxicity, 
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TABLE 13. REMEDIAL ALTERNATIVES EVALUATION MATRIX FOR THE NORTH HARBOR ISLAND PROBLEM AREA 
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COMMUNITY 
PROTECTION 
DURING 
IMPLEMENTA
TION 

WORKER 
PROTECTION 
DURING 
IMPLEMENTA
TION 

ENVIRONMENTAL 
PROTECTION 
DURING 
IMPLEMENTA
TION 

TIMELINESS 

NO ACTION 

0-iglnal contamination remalns. 
Source Inputs continue. Ad· 
verse biological Impacts con
tinue. 

The no actlon alternative Is In 
force In the absence of arry 
other action. Sediments are un
likely ID recover in the absence 
of source contrOI. 

INSTITUTIONAL 
CONTROLS 

There are no elements of lnstl• 
tutlonal control measures that 
have the potential to cause 
ham1 during lmplemen1atlon. 

There are no elements of Insti
tutional control measures that 
have the potential to cause 
ham1 du-Ing Implementation. 

Source control Is Implemented. 
Contaminants remain and ad· 
verse biological Impacts con
tinue at existing levels. 

Access restrictions and mon
itoring efforts can be Imple
mented quickly. source con
trols can be implemented within 
1 to 2 years. Partial sediment 
recovery Is achieved naturally, 
but significant contaminant 
levels persist. 

CLAMSHELL DREDGE/ 
NEARSHORE DISPOSAL 

Public access to dredge and 
disposal sites Is restricted. 
Public exposure potential Is low. 

Operational contrOls can be Im· 
plemented during dredging and 
transport to minimize potential 
for worker exposure. Workers 
wear pro tectlve gear. 

Existing contaminated habitat 
Is destroyed. Nearshore dis
posal habitat Is lost. Contami
nated sediment Is resuspended. 

Dredge and disposal operations 
could be accomplished wltllln 
approximately 2 years. Disposal 
siting and facility construction 
delay Implementation. 

CLAMSHELL DREDGE/ 
UPLAND DISPOSAL 

Public access to dredge and 
disposal sites Is reslrfcted. 
Exposure from COM spills or 
mishandling Is possible, but 
overall potential Is low. 

Addt!onal COM handling In
creases possibllty of spills cw 
mishandling. CNeraJI exposure 
potential Is low. Operational 
controls can be Implemented 
during dredging and transport to 
minimize potential for worker ex
posure. Workers wear protec
tive gear. 

Existing contaminated habitaI 
Is destr0yed. Contaminated 
sediment Is resuspended during 
dredging operations. Dredge 
water management is improYed 
over hydraulic dredging. 

Dredge and disposal operallons 
could be accomplished within 
approximately 2 years. Disposal 
siting and facility construction 
delay Implementation. 

CLAMSHELL DREDGE/ 
SOLIDIFICATION/ 

UPLAND DISPOSAL 

Public access ID dredge, treat
ment, and disposal sites Is re
stricted. Exposure from COM 
spiBs or mishandling Is possible, 
but overall potential Is low. Ex• 
tended duration of operation 
may result In moderate expo
sure potential. 

Additional COM handling associ
ated with treatment may In
crease exposure potenllal. 
Workers wear protective gear. 

Existing contaminated habitat 
Is destroyed. Contaminated 
sediment Is resuspended durlng 
dre<lglng opera!lons. 

Bench and pilot scale testing 
are required. Full scale equip
ment Is available. Remediation 
could be accomplished within 
110 2years. 

CLAMSHELL DREDGE/ 
CONFINED A0UATIC 

DISPOSAL 

Public access to dredge and 
disposal sites Is restrlcted. 
Community exposure Is negli
gible. 

Operational controls can be Im
plemented during dredging and 
transport to minimize potential 
for worker exposure. Workers 
wear protective gear. 

Existing contaminated habitat 
and disposal site habitat are 
destroyed. Contaminated sedl· 
ment Is resuspended during 
dredging and disposal opera
tions. Dredge water manage
ment Is Improved over hydraulic 
dredging. 

CAD can be accompllshed wilhln 
approximately 1 to 2 years. 

CLAMSHELL DREDGE/ 
SOL VENT EXTRACTION/ 

UPLAND DISPOSAL 

Public access ID dredge, treat
ment, and disposal siteS Is re
stricted. Extended durallon of 
treatment operations may result 
In moderate exposure potential. 

Additional COM handling asso
dated with treatment lncteases 
worker risk over dredge/disposal 
options. Workers wear protec
tive gear. 

Existing contaminated habitat 
Is destroyed. Contarninaled 
sediment Is resuspended during 
dredging operations. 

Bench and pllot scale testing 
are required. Full scale equip
ment Is available. Remediation 
could be accomplished within 
1 to 2years. 

2::t----t--------t---------+----------t----------t----------+---------r---------i---------1 t- LONG-TERM COMcontainmentlsnotan 
(.) RELIABILITY OF aspect of this alternative. 
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PROTECTION OF 
PUBLIC HEAL TH 

PROTECTION OF 
ENVIRONMENT 

REDUCTION IN 
TOXICITY, 
MOBILITY, AND 
VOLUME 

The potential for exposure to 
harmful sediment contaminants 
via lngesdon of contaminated 
food sped es remal ns. 

0-lglnal contamination remains. 
Source Inputs condnue. 
Exposure potential remains at 
existing levels or Increases. 

Sediment toxicity and contam
inant mobllty are expected to 
remain at current levels or 
Increase as a result of continued 
source Inputs. Contaminated 
sediment volume Increases as 
a result of condnued source 
Inputs. 
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COM containment Is not an 
aspect of this alternative. 

The potential for exposure ID 
harmful sediment contaminants 
via Ingestion of contaminated 
food species remains, albeit at 
a reduced level as a result of 
consumer warnings and source 
controls. 

Original contamination remains. 
Source Inputs are controlled. 
Adverse blologlcal effects con
dnue but dedlne slowly as a 
result of sediment recovery and 
source control. 

Sediment toxldty Is expected 
to decline slowly with time as a 
result of source Input reductions 
and sediment recovery. Con
taminant mobllty Is unaffected. 
Volume of contaminated sedi
ment remains at preremedlatlon 
level or declines. 

Nearshore connnement fadlitles 
structurally reliable. Dike and 
cap repairs can be readily ac
complished. 

The confinement system pre
dudes public exposure to con
taminants by Isolating COM. 
Variable physicochemlcal con
ditions In the !iii Increase poten
llal for contaminant mlgratlOn 
over CAD. 

The confinement system pre
dudes environmental exposure 
ID contaminated sediment. The 
potential for contaminant migra
tion Into marine environment Is 
Increased over CAD. 

The toxicity of COM In the con
flnement zone remains at pre
remedlatlon levels. Altered 
conditions resulting from 
dredg8"dlsposal operations 
may Increase mobility of metals. 
Volume of contaminated sedi
ments Is not reduced. 

Upland confinement fadlllleS 
may be considered structurally 
reliable. Dike and cap repairs 
can be readily accomplished. 
Underdraln or liner cannot be 
repaired. 

The connnement system pre-
dudes public exposure ID c:oo
tamlnants by Isolating COM. 
The potential for groundwater 
contamination Is low. Uplaid 
disposal facilltles are more 
sea.ire than noarshOre ladlllies. 

Upland disposal Is seaJl'e, wt1h 
negligible potenllal !Dr environ
mental Impact If propefly de
signed. Potential for shallow 
groundwater contamination 
exists. 

The toxicity of COM In the mn
flnement zone remains at pre
remediation levels. The poten
tial for migration ol metals Is 
greater for upland disposal than 
tor CAO Of nearstiore dlspcsal. 
Volume of contaminated sedi
ments Is not reduced. 

Upland confinement fadlltles 
may be considered structurally 
rellable. Treated COM may be 
suitable for use as Inert con
struction material or disposal at 
a standard solid waste landfill. 

Harmful contaminants are bound 
In the treated COM. The poten
.tlal for groundwater contamina
tion Is low. Permanent treatment 
for contaminants Is not effected. 

Upland disposal Is s80Jre, con
taminant monltortng Is Improved 
over nearshore. Potential for 
shallow groundwater contamina
tion exists. 

The toxicity of treated CDM Is 
not reduced. Mobllity of con
taminants Is reduced. Volume 
of COM for disposal increases. 

The long-term reliability of the 
cap to prevent con tarnlnant re
exposure In the absence of 
physical disruption Is consider
ed acceptable. 

The confinement systom pre
dudes public exposure to con
taminants by Isolating contami
nated sediments from the over
lying biota. Protection Is ade
quate. 

The connnement system pre
dudes environmental exposure 
ID conlamlnaled sediment 
Thickness of overlying cap pre• 
vents exposure or burrowing 
organisms. Potential for con
taminant migration Is low b&
cause COM Is malnlained at In 
situ conditions. 

The toxicity and moblity of con
taminated sediments In the con
nnement zone remains at pre
remedlallon levels. Volume of 
COM Is not reduced. 

Treated COM low In metals can 
be used as Inert consrructlon 
material or disposed of at a 
standard solid waste landfill. 

Harmful organic contaminants 
a-e removed from COM. Con
centrated contaminants are dis
posed of by RCRA· approved 
treatment or disposal. Perma
nent treatment for organic con
taminants Is effeded. 

Harmful organic contaminants 
a-e removed from COM. Con
centrated contaminants are dis
posed of by RCRA- approved 
treatment or disposal. Residual 
contamination Is reduced below 
harmful levels. 

Hannful contaminants are re
moved from COM. Concen
trated contaminants are dis
posed of by RCRA- app,oved 
treatment or disposal. Toxicity 
and mobility considerations are 
ellmlnaled. Volume of contam
nated material Is substantlally 
reduced. 
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FEASIBILITY AND 
RELIABILITY OF 
REMEDIAL 
ACTION 
PROCESS 
OPTIONS 

IMPLEMENTATION 
OF MONITORING 
PROGRAMS 

IMPLEMENTATION 
OF OPERATING 
AND MAINTE· 
NANCE 
PROGRAMS 

TABLE 13. (CONTINUED). 

NO ACTION 

Implementation of this alterna
Uve Is feasible and reliable. 

No monitoring over and above 
programs established under 
other authoriUes are imple
mented. 

There are no O & M requirements 
associated with the no action 
alternative. 

INSTITUTIONAL 
CONTROLS 

Source control and /nsUtutlonal 
control measures are feasible 
and reliable. Source control 
rellablllty assumes all sources 
can be ldenUffed. 

Sediment monitoring schemes 
can be readily Implemented. 
Adequate coverage of problem 
area would require an extensive 
program. 

0 & M requirements are minimal. 
Some O & M Is associated with 
monitoring, maintenance of 
warning signs, and Issuance of 
ongoing health advisories. 

CLAMSHELL DREDGE/ 
NEARSHORE DISPOSAL 

Clamshell dredges and split
hulled barges are convendonal 
and reliable equipment. Near
shore confinement of COM has 
been successfully accomplish
ed. 

Monitoring can be readily lmpla
menled to detect contaminant 
mlgraUon through dikes. Im
proved conftnement enhances 
moritlring compared with CAO. 

o & M requirements consist or 
Inspections, groundskeeplng, 
and maintenance of monltcri~ 
equipment 

____ .. _. ___ .......,---.....,___ __ .... ____ --- ' ., • - ' __ i- ..... ""-, - -· 

CLAMSHELL DREDGE/ 
UPLAND DISPOSAL 

Clamshell dredges and split
hulled barges are conventional 
and reliable equipment Secu-e 
upland conflnement technology 
Is well developed. 

Monitoring can be readily Imple
mented to detect contaminant 
mlgraUon through dikes. Im
proved conftnernent enhances 
monitoring over CAO. lnslalla
Uon of monitoring systems Is 
routine aspect of facility slUng. 

0 & M requirements consist of 
lnspealons, groundskeeplng, 
and maintenance of monitoring 
equipment 

CLAMSHELL DREDGE/ 
SOLIDIFICATION/ 

UPLAND DISPOSAL 

Clamshell dredges and split
hulled barges are conventional 
and reliable equipment Solldl
nc:auon process would require 
bench and pilot scale tesUng to 
determine rel/ability and feasl
blllty of large scale process. 

Monitoring can be readily Imple
mented to detect contaminant 
mlgradon. 

0 & M costs are minimal at the 
conclusion of COM treatment 
system maintenance Is Inten
sive during Implementation. 

CLAMSHELL DREDGE/ 
CONFINED AOIJATIC 

DISPOSAL 

Clamshell dredges ano split
hulled barges are conventional 
and reliable equipment CAO of 
contaminated sediments Is 
feaslble and re11able. CAO Is a 
demonstrated containment tech
nology. 

Conftnement reduces monitoring 
requirements In comparison ID 
lnsdrutlonaJ controls. Sediment 
monitoring schemes can be 
readily Implemented. 

0 & M requirements are mlrimal. 
Some O & M assoclal~,ci with 
monltcnng. 

CLAMSHELL DREDGE/ 
SOLVENT EXTRACTION/ 

UPLAND DISPOSAL 

Sludges, sons. and sediments 
have successfully been treated 
using this technology. 

Monitoring Is required only 10 
evaluate the reestablishment 
of benthlc communlUes. Moni
toring programs can be readily 
Implemented. 

No O & M costs are lno.Jrred at 
the conclusion of COM treat
ment System maintenance Is 
Intensive during Implementation. 

z 1---1-------t----------+---------+---------+----------1----------1----------1-----------1 APPROVAL OF Approval Is denied as a result of Requirements tor agency appro- Approvals from the City of Approvals from the City of Approvals depend largely on Approvals from the Oty of Approvals depend largely on re-
W > RELEVANT agency commitments ID mitigate valsare minimal and are ex- Seattle, COE, EPA, and state Seatlle, COE, EPA, and state result of pllottesUng and nature Seattle, COE, EPA, and slate suits of pilot testing and the na-
:E !:j AGENCIES observed biological effects. peeled lo be readlly obra/nable. agencies are feasible. Avalla- agencies are feasible. Coordl- of the material following treat- agencies are feasible. However, ture of treatment residuals. 
W m blllty of approvals tor facility nation ls required for establish- ment. disposal ol untreated COM Is 
..J - siting are un<:ertaln but are as- Ing discharge criteria tor dredge considered less desirable than If 
C. en sumed feasible. Howevor, dis- water maintenance. However, COM ls treated. 
-=:: :LL posal of untreated COM Is con- disposal of untreated COM Is 
-.; sidered less desirable than if considered less desirable than if 

..I 
<( 
z 
0 
j:: 
::, 
1-
j:: 
en z 

> 
t: 
..I 

m 
c( 
;_, 

< > 
c( 

COMPLIANCE 
WITH CHEMICAL
AND LOCATION
SPECIFIC ARARS 
AND GUIDELINES 

AVAILABILITY OF 
SITES, EQUIP
MENT, AND 
METHODS 

AET levels In sediments are ex
ceeded. No permit requirements 
exist. This alternadve rails to 
meet the Intent or NCP because 
or ongoing Impacts. 

All materials and procedures are 
available. 
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AET lellels In sediments are ex
ceeded. This altemadve falls to 
meet Intent of NCP because or 
ongoing Impacts. State require
ments ror source control are 
achieved. CoordlnaUon with 
Seattle-King County Health De
partment tor health advisories 
tor searood consumption. 

All materials and procedures are 
avallable 10 Implement lnsuru
tlonal controls. 

COM is treated. COM is treated . 

WISHNOSHA worker protection 
required. Sections 401 and 404, 
hydraulics, and Shoreline Man
agement permits are required. 
Shoreline development permit 
required for disposal slUng. 

Equipment and methods 10 Im- · 
plement altemadve are readily 
avallable. Potential nearshore 
disposal sites have been lden
tifled but none are amenUy 
available. 

WISHNOSHA worker protection 
required. Sections 401 and 404, 
hydraulics, and ShOrellne Man
agement permits are required. 

Equipment and methods to Im
plement alternadve are readily 
available. PotenUal upland dis
posal sites have not been ldend
fled for disposal of untreated 
COM. 

WISI-WOSHA worker protection 
required. Sections 401 and 404, 
hydraulics, and Shoreline Man
agement permits are required. 
Requires approval from Seattle
King County Health Department 
ror disposal. 

Equipment and methods to Im
plement alternative are readily 
available. Upland disposal sites 
are potentially avallable. 

WISHA/OSHA worker protection 
required. Sections 401 and 404, 
hydraulics, and Shoreline Man
agement permits are required. 

Equipment and me!hods to Im
plement alternative aru readily 
avallable. Open wa'3r CAD 
sites are potenUally available. 

WISHNOSHA worker protection 
required. Sedlon 404 permit Is 
required. Alternative complies 
with EPA policy for permanent 
reducUon In contaminant mobil
ity. Reqlires RCRA permit ror 
disposal or concentrated organ
ic waste. 

Process equipment available. 
Disposal site availability Is not a 
primary concern because or re
ducUon In hazardous nature of 
material. 
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Short-Tenn 
Protectiveness 

Timeliness 

Long-Term 
Protectiveness 

Reduction in 
Toxicity, 
Mobility, or 
Volune 

Technical 
Feasibility 

Institutional 
Feasibility 

Availability 

Estimated 
Cost 

Initial 
0 & M 
Total 

TABLE 14. 

Institutional 
No action Controls 

Low Low 

Low Low 

Low Low 

Low Low 

High High 

Low Low 

High High 

30,000 
610,000 
640,000 

EVALUATlON SLMARY FOR NORTH HARBOR ISLAND PROBLEM AREA 

Clamshell/ Clamshell/ 
Clamshell/ Clamshel I/ Solidification/ Solvent 

Clamshell/ Nearshore Upland Upland Extraction/ 
CAD Disposal Disposal Disposal Upland Disposal 

Moderate Moderate Moderate Moderate Moderate 

High Moderate Moderate Moderate Moderate 

High Moderate Moderate High High 

Low Low Low Moderate High 

Moderate Moderate Moderate Moderate Moderate 

Moderate Moderate Moderate Moderate Moderate 

Low Low Low Moderate Moderate 

1,500,000 4,300,000 13,000,000 22,000,000 74,000,000 
2,300,000 560,000 900,000 700,000 700,000 
3,800,000 4,900,000 14,000,000 23,000,000 75,000,000 
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mobility, and volume; technical feasibility; institutional feasibility; 
availability; capital costs; and O&M costs. Remedial costs are based on the 
estimated volume of sediments that exceed sediment cleanup goals in the 
North Harbor Island problem area (Figure 28). 

7.3.1 Short-Term Protectiveness 

The no action and institutional controls alternatives rated low for 
the short-term protectiveness criterion. In the absence of remedial action 
or implementation of source controls, contaminant inputs will continue at 
pre-remediation levels and exposure potential will remain at unacceptable 
levels. Implementation of the institutional controls alternative will 
decrease the level of contaminant inputs over the long-term, but sediments 
wi 11 remain unacceptably contaminated and exposure potential will remain 
over the short-term. 

All sediment remedial alternatives which involve dredging of contami
nated sediments received a moderate rating under the short-term protective
ness criterion, primarily due to the potential for resuspension of contami
nated sediment. Confined aquatic disposal of sediments would also resuspend 
sediments during the disposal phase of remediation. Alternatives that 
include either solidification or solvent extraction as a treatment technology 
require additional handling of contaminated dredge material, increasing the 
potential for community or worker exposure. 

All the sediment remedial alternatives would destroy the existing 
benthic habitat over the short-term, except for the no action and institu
tional controls alternatives. Alternatives that involve sediment removal 
and disposal in either a confined aquatic, nearshore, or upland disposal 
facility also require additional land. One possible positive tradeoff on the 
additional land use required for confined aquatic disposal is the placement 
of contaminated sediments in a separate problem area in Elliott Bay and 
confining the contaminated sediments from two problem areas under a single 
cap. 
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7.3.2 Timeliness 

The no action and institutional controls alternatives were rated low 
under the timeliness criterion. With no action, sediments remain unaccept
ably contamin~ted, source inputs continue, and natural sediment recovery is 
unlikely. Source inputs are controlled under the institutional controls 
alternative, but as discussed in Section 3.2.4, sediment recovery based on 
the enrichment ratios for total PCBs, mercury, and 4,4'-000 is estimated to 
be improbable within an acceptable timeframe. 

Moderate ratings were assigned to alternatives involving clamshell 
dredging and nearshore or upland disposal. Obtaining approvals and 
construction of a confined nearshore or upland facility for untreated 
contaminated dredge material would likely take from 1-2 yr. Equipment and 
methods will not require development. Pre-implementation modeling and 
testing is not expected to be extensive. Development of a treatment 
technology for managing contaminated dredge water at the disposal site is 
not expected to require an extensive period of time for testing or develop
ment. The period estimated for the implementation of either of these 
alternatives is from 2-4 yr. 

The alternatives involving solidification and solvent extraction also 
received a moderate rating under the timeliness criterion. The treatment 
technologies are expected to require an extensive period of testing prior 
to acceptance. Assuming a treatment rate of 500 yd3/day, treatment of the 
contaminated sediments from the North Harbor Island problem area would 
require approximately 2 yr. 

The clamshell dredging/CAD alternative received a high rating under the 
timeliness criterion. Clean sediments are assumed to be readily available 
for the capping .of contaminated dredge material. Once a confined aquatic 
disposal site is designated, implementation of this alternative would be 
feasible within approximately 1 yr. 
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7.3.3 Long-Term Protectiveness 

The long-term protectiveness evaluation resulted in the assignment of 
low ratings to the no action and institutional controls alternatives for the 
North Harbor _Island problem area. The timeframe for sediment recovery is 
too long to expect more than minimal improvements in the contaminated 
sediments with institutional controls. Contaminated sediments would remain 
after the implementation of source controls, though contaminant concentra
tions would gradually decline. Biological impacts (e.g., bioaccumulation, 
decreased benthic abundance) would continue, and the potential for community 
exposure would remain at unacceptable levels. 

Alternatives involving nearshore or upland disposal of untreated 
sediments received moderate ratings under the long-term protectiveness 
criterion. The physicochemical changes, primarily in redox potential, will 
increase the potential for contaminant migration when contaminated sediments 
are moved to a different environment. The migration potential can be 
modeled following dredge material testing to help determine the engineering 
controls required to ensure reliability of the containment structure. A 
nearshore facility would also be exposed to wave and tidal action which 
requires that a structurally reliable facility be constructed. The long
term success of nearshore di sposa 1 for the i sol at ion and containment of 
contaminated sediment has not been demonstrated. Upland disposal facilities 
are generally considered to be the most secure disposal option because of the 
availability of engineering controls. However, the potential for impacts on 
groundwater resources will still remain over the long-term due to the 
migration and leaching potential of contaminated dredge material. 

The clamshell dredging/solidification/upland disposal and clamshell 
dredging/solvent extraction/upland disposal alternatives received a high 
rating under the.evaluation for long-term protectiveness. Both alternatives 
should prove feasible in the treatment of contaminated dredge material from 
the North Harbor Island problem area. Testing and modeling of the long-term 
leaching potential of solidified material will be required. The solvent 
extraction process should be successful for the removal of organics and 
isolation of metals. 
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The alternative involving confined aquatic disposal received a high 
rating for the long-term protectiveness criterion. Cap thickness can be 
maintained over the long-term to assure isolation of the contaminated 
sediments and. for preventing exposure of sensitive organisms. The physico
chemical state of the contaminated dredge material is maintained, so the 
potential for migration is less than the potential for migration with 
nearshore or upland disposal. 

7.3.4 Reduction in Toxicity. Mobility. and Volume 

All alternatives except those involving post removal sediment treatment 
received low ratings under the evaluation criterion for reducing toxicity, 
mobility, and volume. In the absence of treatment, the toxicity, mobility, 
and volume of contaminants in North Harbor Island sediments would remain. 

The clamshell dredging/solidification/upland disposal alternative 
received a moderate rating under the criterion for reduction of toxicity, 
mobility, and volume. The toxicity of contaminated dredge material would be 
lowered by the solidification process, however, the contaminants would 
remain unaltered and potential toxicity would be unchanged. The mobility of 
contaminants would be decreased through the solidification process, but the 
volume of material for disposal would increase. 

The clamshell dredging/solvent extraction/upland disposal alternative 
received a high rating under the evaluation criterion for reducing toxicity, 
mobility, and volume. The toxicity and mobility of contaminants in 
contaminated dredge material are reduced through the removal of contaminants. 
The volume of contaminated material requiring disposal would be reduced to 
the amoun~ of material generated during the treatment process. 

7.3.5 Technical Feasibility 

The no action and institutional controls alternatives were rated high 
under the technical feasibility criterion. The no action criterion is by 
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definition technically feasible. Institutional controls are considered to 
have a high degree of technical feasibility. 

All -alternatives that involve removal of contaminated sediments from 
the North Harbor Island problem area received a moderate rating under the 
evaluation for technical feasibility. The depths at which contaminated 
sediments are found (up to 165 ft) dictate that if sediment removal is a 
component of the sediment remedial alternative selected, a dredging technique 
suitable for depths below 100 ft must be used. 

7.3.6 Institutional Feasibility 

The no action and institutional controls alternatives were assigned low 
ratings under the institutional feasibility criterion. Long-term protection 
of public health and the environment are not accomplished through the 
implementation of either alternative. Neither of the alternatives would 
comply with the mandate of the Puget Sound Water Qua 1 i ty Authority for 
improving the quality of Puget Sound. 

Moderate ratings were assigned to the rema,n,ng alternatives for a 
variety of reasons. Although the disposal options for contaminated sediments 
are expected to be resolved in the future, there is significant uncertainty 
at this time regarding potential aquatic, nearshore, and upland disposal 
facility availability. Potential difficulties may arise in obtaining 
approval for treatment sites and implementation of treatment technologies. 

7.3.7 Availability 

The no action and institutional controls alternatives received a high 
rating f~r availability because they can be readily implemented. The no 
action and institutional controls alternatives do not depend on equipment or 
disposal site availability, so there are no obstacles to implementation. 

Under the availability criterion, low ratings were assigned to 
alternatives that involve disposal of contaminated sediment from the North 
Harbor Island problem area in nearshore, upland, or confined aquatic 
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disposal sites. Candidate alternatives were developed under the assumption 
that nearshore, upland, and confined aquatic disposal sites will be 
available. However, there are no sites currently approved for use and no 
approved ~ites are currently under construction. The equipment and expertise 
required to implement the clamshell dredging/CAD, clamshell dredging/near
shore disposal, and clamshell dredging/upland disposal alternatives are 
readily available. 

The sediment remedial alternatives involving solidification or solvent 
extraction and disposal at an upland facility were rated moderate under the 
availability criterion. Availability of equipment and expertise are not 
expected to present any obstacles to the implementation of either of these 
alternatives. Development and construction of a treatment facility will 
require acquisition of a suitable site, which will be the major obstacle to 
the implementation of treatment alternatives. Assuming that treatment tech
nologies are successful, disposal at an upland facility such as Coal Creek is 
possible. 

7.3.8 Cost 

The assumptions used for costing sediment remedial alternatives are 
presented in Section 7.1.8 and Appendix D. Total costs of sediment remedial 
alternatives for the North Harbor Island problem area are presented in 
Table 14. A breakdown of the initial and O&M costs for the candidate 
alternatives is presented in Appendix D. Costs for the candidate sediment 
remedial alternatives are presented in order of lowest to highest initial 
cost. 

Initial costs for implementation of the institutional controls 
alternative include those costs required to access restriction signs. 
Environmental mo~itoring and educational program costs (i.e., O&M costs) 
associated with this alternative are similar to O&M costs for alternatives 
involving nearshore or upland disposal. 

The initial costs for the clamshell dredging/confined aquatic disposal 
alternative are less than initial costs associated with all other alterna-
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tives involving removal and disposal. However, the O&M costs for the 
environmental monitoring and maintenance of a CAD site are greater than the 
O&M costs for monitoring and maintenance of upland or nearshore disposal 
facilities. 

Initial costs for implementing the cl ams hell dredgi ng/nearshore 
disposal alternative at the North Harbor Island problem area are greater 
than the clamshell dredging/confined aquatic disposal alternative primarily 

due to costs associated with construction of the disposal facility. The 
initial costs for the construction of a nearshore disposal facility are 
partially offset by the reduced O&M costs for the clamshell dredging/near
shore disposal alternative relative to the clamshell dredging/confined 
aquatic disposal alternative. However, the total costs are slightly greater 

for the nearshore disposal alternative. 

The clamshell dredging/upland disposal alternative requires increased 
initial costs for construction compared to confined aquatic and nearshore 
disposal alternatives. The O&M costs for upland disposal facilities are 
greater than O&M costs for nearshore facilities because the assumed fi 11 
depth results in a larger area for monitoring and maintenance. However, the 
O&M costs for upland disposal facilities are lower than O&M costs for 
confined aquatic disposal sites because monitoring and maintenance are more 
easily implemented. 

The alternatives involving solidification or solvent extraction 
technologies have a high initial cost, because the treatment technologies 
require facility development and construction, and the technologies 
themselves have a high unit cost. Operation and maintenance costs are 
similar to many of the other candidate alternatives. The initial costs for 
alternatives involving treatment technologies are not considered to be cost
effective when c9mpared with other candidate sediment remedial alternatives 
for the North Harbor Island problem area. 
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7.4 PREFERRED ALTERNATIVE FOR NORTH HARBOR ISLAND 

The clamshell dredging/confined aquatic disposal alternative was 
selected .as the preferred alternative for the North Harbor Island problem 
area based on_ the evaluation summary and estimated cost. This alternative 
rated high for long-term protectiveness and timeliness. long-term protec
tiveness is assumed to be better for this alternative than alternatives 
involving nearshore or upland disposal. The long-term protectiveness is 
similar to the long-term protectiveness of treatment technologies because of 
the isolation of contaminated sediments at in situ conditions. The high 
rating for timeliness is based on the relative time required to implement 
this alternative when compared with other alternatives. 

The low rating for availability was weighted heavily by the lack of a 
designated confined aquatic disposal site. As discussed earlier in this 
report, designation of a confined aquatic disposal site is anticipated for 
Elliott Bay. The clamshell dredging/confined aquatic disposal alternative 
was given moderate ratings for technical and institutional feasibility, and 
short-term protectiveness. All other alternatives were assigned a similar 
rating under these criteria. 

The low rating for reduction in toxicity, mobility, and volume indicates 
that the contamination problem in the sediments from the North Harbor Island 
will remain. The application of a treatment technology or natural processes 
are the only methods for reduction in toxicity, mobility and volume. 
Treatment technologies may be developed which are cost-effective for the 
remediation of contaminant sediments. Until a cost-effective treatment 
technology for simultaneously treating organic and inorganic wastes in 
sediment is developed, implementation of sediment remedial alternatives 
involving treatment technologies is not practical. 
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APPENDIX A 

DENNY WAY CSO PROBLEM AREA 

SEDIMENT CONTAMINANT DATA 
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TABLE A-1. 

Survey Station Sarrple 

PT! and· 
Tetra Tech 
1988 NS-01 Ns-01-

Mal ins et 
al. 1980 10041 10041 

Rorrberg 
et al. 
1984 1406 1406 

1512 1512 
1603 1603 
1606 1606 
1612 1612 
1706 1706 
1810 1810 
A060 A060 
8060 8060 
C060 C060 
S0032 S0032 

Rorrberg 
et al. 
1987 BC-09 1 

BC-33 2 
BC-26 3 
BC-19 4 
BD-17 5 
BC-25 6 
BC-30 7 
BC-22 8 
BC-18 9 
BC-16 10 
80-13 11 
80-10 12 
BC-28 13 
BC-32 14A 
BC-23 15 
BC-29 16 
BC-21 17 
BC-17 18 
BD-15 19 
80·15 19 
BD-15 19 
BD-12 20 
80·09 21 
BD-08 22 
80-07 23 
BC-24 24 
BC-31 25A 
BC-27 26A 
80·16 27 
80·14 28 
80·18 30A 

CONCENTRATION OF INORGANICS IN DENNY ~AY CSO OFFSHORE SEDIMENTS 
(MG/KG DRY ~EIGHT= PPM) 

Rep Antimony Arsenic Beryllium Cadnium 

23.9 4.9 1.14 

6.5 

11.9 
12.5 
16.7 
10.6 
15 
12.3 
11.5 

0.87 0.5 0.79 2.8 
1.3 12 1. 1 1.5 

U0.03 44 0.89 1.5 
0.45 9.3 0.33 0.86 

0.2 
0.6 
1 .0 
1. 1 
2.4 
1. 1 
2.4 
2.0 
1.7 
2.3 
1.6 
1.9 
0.5 
0.6 
0.5 
1.7 
2.6 
3.2 

01 2.8 
02 3.4 

Mean 3. 1 
2.7 
2.3 
2.4 
2.3 
1.9 
1.6 
0.8 
3.2 
6. 1 
1.8 

A-1 

Chromium 

E104 

39 
50 
51 
52 

Copper I ran 

251 

58.8 

108.5 
53.5 
113 
45.5 
58 
52 
70 
94 
140 
61 
49 

35 
60 
68 
73 
72 
72 
102 
109 
101 
92 
70 
86 
58 
55 
42 
116 
132 
140 
212 
147 
179 
162 
112 
106 
94 
70 
90 
609 
264 
302 
87 

29000 

11000 
32000 
24000 
18000 
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TABLE A·l. (Continued) 

Survey Station S~le Rep Lead Manganese Nickel Seleniun 

PT! and 
Tetra Tech 
1988 NS-01 NS-01 217 E525 43.5 U0.11 

Mal ins 
1980 10041 10041 74.3 

Romberg 
et al. 
1984 1406 1406 149.5 

1512 1512 74 
1603 1603 530 
1606 1606 68.5 
1612 1612 94 
1706 1706 115 
1810 1810 101 
A060 A060 220 220 54 0.07 
B060 B060 120 280 58 0.65 
C060 C060 110 290 63 0.02 
S0032 S0032 120 200 38 U0.2 

Romberg 
et al. 
1987 BC·09 1 48 

BC·33 2 78 
BC-26 3 111 
BC-19 4 147 
B0·17 5 176 
BC-25 6 136 
BC-30 7 256 
BC·22 8 246 
BC-18 9 199 
BC·16 10 196 
B0·13 11 124 
80·10 12 193 
BC-28 13 84 
BC·32 14A 97 
BC-23 15 95 
BC-29 16 241 
BC-21 17 398 
BC-17 18 398 
B0·15 19 01 340 
B0·15 19 02 407 
B0·15 19 Mean 373 
B0·12 20 267 
B0·09 21 304 
B0·08 22 148 
B0·07 23 260 
BC·24 24 149 
BC-31 25A 178 
BC·27 26A 109 
B0·16 27 350 
B0·14 28 478 
B0·18 30A 186 

Data Qualifiers: 

U = Substance i.ndetected at the method detection limit shown. 

E = Quantity listed is an estimated value. 

A-2 

Silver Thalliun 

E8.27 

3.8 

0. 72 U0.007 
1.2 U0.015 
0.89 U0.01 
1.9 uo. 1 

Zinc Mercury 

E158 E0.405 

97.8 1. 1 

155 
105 
433.3 
118 
115 
193.3 
120 
210 0. 71 
140 U0.012 
180 U0.007 
100 0.06 

150 0.49 
232 0.59 
205 0.66 
179 0.69 
376 0.76 
234 0.88 
271 0.97 
271 1.2 
260 1.2 
294 1.0 
319 0.58 
224 1.2 
187 0.42 
143 0.47 
165 0.23 
241 0.57 
273 1.8 
374 0.99 
248 2.2 
307 1.1 
277 1.7 
257 , . , 
268 1.7 
262 1.1 
258 0.98 
188 0. 74 
295 0.72 
170 0.44 
445 0.70 
472 2.2 
272 1.0 
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TABLE A-2. CONCENTRATION OF LOW MOLECULAR WEIGHT 
AROMATIC HYDROCARBONS IN DENNY WAY CSO OFFSHORE SEDIMENTS 

(UG/KG DRY WEIGHT= PPB) 

Naphth- Acenaph- Acenaph- Phenan-
Survey Station Sample alene thylene thene Fluorene threne 

PT! .and 
Tetra Tech 
1988 NS-01 NS-01 U36 El. 7 E29 E15 E230 

Mal ins 
1980 10041 10041 220 20 50 60 400 

Rorrberg 
et al. 
1984 A060 A060 E17 

S0032 S0032 560 E51 430 5400 

Rorrberg 
et al. 
1987 BC-33 2 USO U180 U100 U100 U270 

BC·26 3 120 U180 U100 U100 580 
BD-17 5 140 U180 U100 130 1050 
BC-30 7 500 U180 120 CBO 1900 
BC·16 10 170 U180 140 130 1200 
BD·10 12 110 U180 U100 U100 550 
BC-32 14A 110 U180 UlOO U100 400 
BC·23 15 USO U180 U100 U100 450 
BC-29 16 130 U180 120 1500 1220 
BC-21 17 170 U180 200 U100 4400 
BC-17 18 140 U180 UlOO 300 2280 
BD-15 19 250 U180 170 640 3700 
BD-12 20 150 U180 130 150 1470 
BD-09 21 USO U180 U100 160 800 
BD-08 22 120 U180 120 260 1810 
CC-31 25A USO U180 140 UlOO 350 
BC-27 26A USO U180 U100 U100 240 
BD-16 27 1340 U180 12800 31500 98600 
BD-14 28 350 U180 410 900 6400 
BD-18 30A uao U180 UlOO UlOO 550 

Data Qualifiers: 

U = Substance undetected at the method detection limit shown. 

E = Quantity listed is an estimated value. 

A-3 

Anthra-
cene 

ESQ 

230 

E17 
E2100 

U100 
210 
360 
580 
400 
250 

U100 
240 
240 
1170 
1170 
260 
250 
210 
2260 

UlOO 
UlOO 
40700 
3510 
200 
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TABLE A-3. CONCENTRATION OF HIGH MOLECULAR WEIGHT AROMATIC 
HYDROCARBONS IN DENNY WAY CSO OFFSHORE SEDIMENTS 

(UG/KG DRY WEIGHT= PPB) 

Dibenzo- Total 
Benzo(b)- Benzo(k)- Irdeno- (a,h)- Benzo- Benzo-

Fluor- Benzo(a)- fluor- fluor- Benzo(a)- (1,2,3-cd)- anthra- (g,h,i)- fl uoran-
Survey Station Sarrple anthene Pyrene anthracene Chrysene 

PT I ard 
Tetra Tech 
1988 NS·01 NS-01 E440 E370 U2.1 U2.4 

Mal ins et 
al. 1980 10041 10041 490 640 310 360 

Romberg . 
et al. 
1984 A060 A060 72 53 

8060 8060 E610 E610 
S0032 S0032 10000 12000 5400 8900 

Romberg 
et al. 
1987 8C·33 2 250 2620 190 360 

8C-26 3 900 1000 610 1130 
BD-17 5 1590 1600 1070 U130 
BC-30 7 2170 2020 1730 2400 
8C-16 10 1460 1830 1060 1400 
80-10 12 880 890 1100 1200 
8C-32 14A 300 260 250 510 
8C-23 15 430 370 370 590 
8C-29 16 1730 1450 1060 1190 
BC-21 17 6800 5200 4000 5000 
8C-17 18 3230 2750 2180 2860 
BD-15 19 4800 4000 3200 4000 
BD-12 20 1900 2000 1200 1530 
80-09 21 690 640 830 470 
BD-08 22 2500 1840 2720 3140 
BC-31 25A 460 440 290 480 
BC-27 26A 240 240 150 280 
80-16 27 61500 36200 10700 26500 
BD-14 28 6730 5000 3140 4000 
BD-18 30A 660 630 390 680 

Data Qualifiers: 

U = Substance urdetected at the method detection limit shown. 

E = Quantity listed is an estimated value. 

anthene anthene pyrene pyrene 

E94 E140 U2.6 U2.8 

260 150 

E610 
1300 640 

360 U500 
850 560 

U130 610 
1700 usoo 
1060 560 
850 610 
340 U500 
780 U500 
950 790 
2400 1300 
1760 800 
1740 700 
820 U500 
560 U500 
870 800 
280 U500 
170 U500 
7500 U500 
1900 U500 
490 U500 

A-4 

cene perylene 

U4.3 U2.5 

720 

U500 usoo 
U500 720 
U500 710 
U500 740 
U500 U500 
U500 680 
U500 usoo 
usoo U500 
U500 620 
usoo 1400 
U500 800 
U500 U500 
U500 usoo 
U500 700 
U500 U500 
U500 U500 
U500 U500 
U500 U500 
U500 U500 
U500 
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480 
1200 
2400 
2400 
1680 
1500 
520 
950 
1530 
4500 
2700 
3500 
1980 
1120 
2370 
540 
350 
16400 
3300 
930 
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TABLE A-4. CONCENTRATION OF PHENOLS IN DENNY WAY CSO OFFSHORE SEDIMENTS 
(UG/KG DRY WEIGHT= PPB) 

2,4-
2-Methyl- 4-Methyl- Dimethyl-

Survey Station Sarrple Phenol phenol phenol phenol 

- PTI ard 
Tetra Tech 
1988 NS-01 NS-01 U6.0 U13 E37 U17 

Romberg 
et al. 
1987 BC-33 2 U80 

BC-26 3 U80 
BD-17 5 90 
BC-30 7 U80 
BC-16 10 U80 
BD-10 12 U80 
BC-32 14A 100 
BC-23 15 U80 
BC-29 16 580 
BC-21 17 140 
BC-17 18 u8o 
BD-15 19 190 
BD-12 20 240 
BD-09 21 130 
BD-08 22 860 
BC-31 25A 100 
BC-27 26A U80 
BD-16 27 900 
BD-14 28 1900 
BD-18 30A 220 

Data Qualifiers: 

u = Substance undetected at the method detection limit shown. 

E = Quantity listed is an estimated value. 

A-5 
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TABLE A·S. CONCENTRATION OF SUBSTITUTED PHENOLS IN 
DENNY ~AY CSO OFFSHORE SEDIMENTS 

(UG/KG ORY ~EIGHT= PPB) 

2,4· 4-Chloro· 2,4,6· 2,4,5· 
2·Chloro· Oichloro· 3-methyl· Trichloro· Trichloro· 

Survey Station Sarrple phenol phenol phenol phenol phenol 

PT! ard 
Tetra Tech 

Penta· 
chloro· 
phenol 

2·Nitro· 
phenol 

1988 NS-01 NS-01 U12 U33 U16 U31 U35 U2200 

Romberg 
et al. 
1987 BC·33 2 

BC·26 3 
80·17 5 
BC·30 7 
80·08 22 

Data Qualifiers: 

U = Substance undetected at the method detection limit shown. 

P.-6 

U180 U120 
U180 U120 

790 380 
U180 
560 

DUW 80036880 
BVL 

B-DUW2-2073352 



TABLE A-6. CONCENTRATION OF CHLORINATED ARCt!ATIC HYDROCARBONS 
IN DENNY WAY CSO OFFSHORE SEDIMENTS 

CUG/KG DRY WEIGHT= PPB) 

1,3· 1,4· 1,2· 1,2,4· 

Survey 
Dichloro· Dichloro· Dichloro· Trichloro· 

Station Sa~le benzene benzene benzene benzene 

PT! and 
Tetra Tech 
1988 NS·01 NS·01 

Mal ins et 
al . 1980 10041 10041 

Data Qualifiers: 

U110 U110 U110 U180 

2-Chloro· Hexa· 
naphtha· chloro· 

lene benzene 

U14 U93 

0.3 

U = Substance undetected at the irethod detection limit shown. 

A-7 
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TABLE A-7. CONCENTRATION OF CHLORINATED ALIPHATIC HYDROCARBONS 
IN DENNY WAY CSO OFFSHORE SEDIMENTS 

(UG/KG DRY WT= PPB) 

Survey 
Hexachloro

Stat ion Sample butadiene 

PT! and 
Tetra Tech 
1988 NS-O1 

Rorrberg 
et al. 
1984 SOO32 

Data Qualifiers: 

NS-O1 U22OO 

SOO32 5., 

U = Substance undetected at the method detection limit shown. 

A-8 
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TABLE A·B. CONCENTRATION OF PHTHALATES IN 
DENNY WAY CSO OFFSHORE SEDIMENTS 

(UG/KG ORY WEIGHT= PPB) 

Bis· 
Oi ·n· Butyl (2-ethyl· Oi ·n-

Dimethyl· butyl· benzyl hexyl) · octyl · 
Sur-vey Station Sample phthalate phthalate phthalate phthalate phthalate 

PT! and 
Tetra Tech 
1988 NS-01 NS-01 E17 U2.3 U1.4 

Rorrberg 
et al. 
1984 A060 A060 E17 520 

B060 B060 23000 
S0032 S0032 770 13000 

Ront>erg 
et al. 
1987 BC·33 2 uao U130 U130 1340 U130 

BC-26 3 USO 1670 220 1090 250 
BD-17 5 USO 1420 380 17300 1160 
BC-30 7 USO 790 650 15600 U130 
BC-16 10 USO 1000 500 400 U130 
BD-10 12 USO 700 250 2240 450 
BC-32 14A USO U130 U130 12100 U130 
BC-23 15 USO U130 710 8800 U130 
BC-29 16 USO 400 410 22500 U130 
BC-21 17 USO 940 870 37000 U130 
BC-17 18 USO 1030 310 12400 U130 
BD-15 19 100 1020 680 18200 U130 
BD-12 20 USO 810 810 20800 U130 
BD-09 21 USO 590 230 4300 U130 
BD-08 22 USO 610 540 34100 U130 
BC-31 25A USO 910 160 53700 U130 
BC-27 26A USO U130 U130 800 U130 
B0·16 27 180 340 1100 1200 U130 
BD-14 28 120 280 1830 400 U130 
BD-18 30A USO U130 520 500 U130 

Data Qualifiers: 

U = Substance undetected at the method detection limit shown. 

E = Quantity listed is an estimated value. 

A-9 
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TABLE A-9. CONCENTRATION OF MISCELLANEOUS OXYGENATED COMPOUNDS 
IN DENNY YAY CSO OFFSHORE SEDIMENTS 

(UG/KG DRY YEIGHT = PPB) 

Benzyl Benzoic Oibenzo- 2-Methyl· 
Survey Station Sample lsophorone alcohol acid furan naphthalene 

PTI ·and 
Tetra Tech 
1988 NS-01 NS-01 

Mal ins et 
al. 1980 10041 10041 

Data Qualifiers: 

U22 U31D U110 E18 

U = Substance urdetected at the method detection limit shown. 

E = Quantity listed is an estimated value. 

A-10 

E7 

90 

oUW soo36S84 
BVL 
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TABLE A-10. CONCENTRATION OF PESTICIDES AND PCBS IN DENNY WAY CSO OFFSHORE SEDIMENTS 
(UG/KG ORY WEIGHT= PPB) 

Garm1a
Alpha- Beta- Delta- BHC 

Survey· Station Sample 4,4'-0DE 4,4'-DDD 4,4'-DDT Aldrin Dieldrin BHC BHC BHC Clindane) 

PTI and 
Tetra Tech 
1988 

Rooberg 
et al. 
1984 

NS-01 NS-01 U4.8 U5.9 U5.3 U4.4 U4. 1 U2.7 U6.D U3.3 U3.1 

S0032 SOD32 21 12 95 

Endrin- Hepta- Total 
Survey Station Sarrple Chlordane Endrin aldehyde chlor PCBs 

PTI and 
Tetra Tech 
1988 NS-01 NS-01 U72 U5.5 U7.2 U4.1 

Malinset 
al. 1980 10041 10041 

Romberg 
et al. 
1984 1406 1406 

1512 1512 
1603 1603 
1606 1606 
1612 1612 
1706 1706 
1810 1810 
A060 A060 
B060 B060 
C060 C060 
S0032 S0032 

Romberg 
et al. 
1987 BC-33 2 

BC-26 3 
BD-17 5 
BC-30 7 
BC-16 10 
80·10 12 
BC-32 14A 
BC-23 15 
BC-29 16 
BC-21 17 
BC-17 18 
80·15 19 
80·12 20 
BD-09 21 
BD-08 22 
BC-31 25A 
BC-27 26A 
BD-16 27 
BD-14 28 
80-18 30A 

Data Qualifiers: 

U = Substance llldetected at the method detection I imit shown. 

A-11 

U390 

158 

1930 
1712 
2145 
2624 
1111 
479 
742 
8.1 
170 
2.3 
1448 

260 
410 
510 
770 
580 
670 
160 
170 
290 
300 
490 
30 
120 
30 
1510 
510 
220 
300 
1060 
930 

DUW 80036885 
BVL 
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TABLE A-11. CONVENTIONAL PARAMETERS IN DENNY ~AY CSO OFFSHORE SEDIMENTS 

Percent 
Percent Percent Total Oil and 
Total Volatile Organic Percent Grease Sul fide 

Survey Station Sarrple Rep Sol ids Sol ids Carbon Nitrogen (ppn) (ppm) 

PT! and 
Tetra Tech 
1988 NS-01 NS-01 83.03 2.18 E0.43 0.034 790 66 

Romberg 
et al. 
1987 BC-09 1 56.17 3.99 

BC-33 2 51.95 5.23 
BC-26 3 52.35 5.72 
BC-19 4 55.42 5.53 
BD-17 5 49.43 6.60 
BC-25 6 48.33 7.78 
BC-30 7 48.88 8.33 
BC-22 8 56.04 5.18 
BC-18 9 49.14 7.22 
BC-16 10 50.40 6.83 
BD-13 11 57.94 5.47 
B0·10 12 49.88 6.08 
BC-28 13 27.81 13.1 
BC-32 14A 40.15 8.27 
BC-23 15 62.77 5.13 
BC-29 16 57.52 7.52 
BC-29 16 57.52 7.52 
BC-21 17 59.27 9.63 
BC-17 18 54.83 8.81 
BD-15 19 01 50.83 9.48 
80·15 19 02 48.36 11.2 
B0·15 19 Mean 49.59 10.3 
BD-12 20 51.02 7.41 
BD-09 21 48.91 9.35 
BD-08 22 54.53 7.38 
BD-07 23 49.95 7.13 
BC-24 24 54.86 5.90 
BC-31 25A 43.39 7.91 
BC-27 26A 59.57 4.57 
B0·16 27 70.86 3.84 
B0·14 28 41.02 14.5 
BD-18 30A 38.61 8.63 

Data Qualifiers: 

E = Quantity listed is an estimated value. 

A-12 

ouw 80036886 
BVL 
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APPENDIX B 

NORTH HARBOR ISLAND AREA 

SEDIMENT CONTAMINANT DATA 

DUW 80036887 
BVL 
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TABLE B-1. CONCENTRATION OF INORGANICS IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(MG/KG ORY WEIGHT= PPM) 

Surve:t: Station Antimon:t Arsenic Ber:tl I ium Cadmium Chromium Coeeer 

PTI and 
Tetra Tech 
1988 NH-01 34.2 23.7 0.29 E97 65.5 

NH-02 110 22.8 0.52 E98 163 
NH-03 249 119 1. B3 E50 2050 
W-20 163 39.6 0.38 E67 167 

U.S. EPA 
Region X 
1982, 1983 E36 8.7 1 152 

E37 16.3 0.7 302 
E39 0. 1 18 0.6 1220 
E4 82 0.9 48 0.3 150 
E4 83 14. 5 560 1. 6 2820 
E40 1. 7 34.5 0.3 257 
E41 7.2 0.3 124 
ES 26 0.2 104 

Gamponia 
et a I. 
1986 HE-02 I 21 0.34 41 110 

HE-01 2 110 1 94 440 
HE-03 3 300 1.6 190 2000 
H0-04 4 79 0.66 37 170 
HD-03 5 43 0.33 38 130 

Mal Ina et 
al. 1980 10016 6.7 90.2 

Romberg 
et al. 
1984 S0063 3.9 7. 1 0.2 0.28 27 90 

Stober and 
Chew 1984 U121 83.7 1.4 0.24 62.8 220 

8-1 

DUW 80036888 
BVL 
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TABLE 8-1. (CONTINUED) 

Survey Station Iron 

PTI and 
Tetra Tech 
1988 NH-01 34200 

NH-02 41000 
NH-03 74200 
WM-20 40900 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
E6 

Gamponia 
at al. 
1986 HE-02 1 

HE-01 2 
HE-03 3 
H0-04 4 
H0-03 5 

Mal ins et 
al. 1980 10016 

Romberg 
et al. 
1984 S0063 14000 

Stober and 
Chaw 1984 U121 

Lead Manganese Nickel 

61.3 E534 41. 5 
113 E639 33.6 
560 E1040 82.4 
101 E680 22.7 

80 164 
966 235 
281 766 
93 134 
193 1460 
118 208 
85 168 
123 163 

87 16 
270 25 
730 47 
98 16 
100 13 

60.8 

190 160 4.9 

eo.e 722 30.7 

B-2 

Mercury Selenium 

E0.223 uo.12 
E0.565 0.3 
E10.5 0.49 
EO. 776 0.18 

0.316 0.3 
0.925 0.4 
0.862 0.2 
0.7 
7.67 
0.767 0.3 
0.787 0.2 
0.4 1.2 

0.55 
1.8 
14 
0.76 
0.87 

1.4 

0.4 0.2 

0.654 

DUW 80036889 
BVL 
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TABLE 8-1, (CONTINUED) 

Survey Station Si Ivar 

PTI and 
Tatra Tech 
1988 NH-01 E0.24 

NH-02 E0.52 
NH-03 El .02 
WW-20 E0.36 

U.S. EPA 
Region X 
1982, 1983 E36 0.69 

E37 1. 16 
E39 0. 11 
E4 82 0.4 
E4 83 1.04 
E40 0.42 
E41 0.43 
E6 

Gamponla 
at al. 
1986 HE-02 1 

HE-01 2 
HE-03 3 
H0-04 4 
H0-03 6 

Mal ins et 
al. 1980 10016 1.9 

Romberg 
et al. 
1984 S0063 o. 16 

Stober and 
Chew 1984 U121 0.2 

Zinc 

E196 
E228 
E1300 
E259 

191 
306 
578 
207 
3205 
396 
140 
136 

140 
690 
1900 
250 
200 

106 

84 

659 

B-3 

DUW 80036890 
BVL 
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TABLE B-2. 

Survey 

PTI and 
Tetra Tech 
1988 

U.S. EPA 
Region X 
1982, 1983 

Gamponia 
et a I. 
1986 

Mali ns et 
al. 1980 

Romberg 
et al. 
1984 

Stober and 
Chew 1984 

CONCENTRATION OF LOW MOLECULAR WEIGHT AROMATIC HYDROCARBONS 
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(UG/KG DRY WEIGHT• PPB) 

Naphtha- Acanaph- Acanaph-
Station lane thytene thane Fluorene 

NH-01 E110 E110 E74 E100 
NH-02 E200 E160 E150 E260 
NH-03 E880 E230 E590 E9l0 
WW-20 E210 E75 E53 E79 

E36 E270 
E37 
E39 
E4 83 1300 
E4 82 
E40 
E41 
ES E200 

HE-02 1 uo uo uo L90 
HE-01 2 uo uo uo uo 
HE-03 3 L1200 L490 uo L700 
HD-04 4 uo uo uo uo 
HD-03 5 L155 uo uo uo 

10016 610 10 210 210 

S0063 E47 960 1300 

U121 51 7 98 

B-4 

Phanan- Anthra-
threne cane 

E880 E460 
1200 E660 

E3700 E1900 
E660 E240 

L860 L250 
uo uo 
L3500 Ll300 
L490 uo 
L1100 L250 

1600 1200 

450 110 

518 239 

ouw 80036891 
BVL 
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TABLE 8-3. 

Surve:t: 

PTI and 
Tetra Tech 
1988 

U.S. EPA 
Region X 
1982, 1983 

Gamponla 
et al. 
1986 

Mal Ina et 
a I. 1980 

Romberg 
at al. 
1984 

Stober anct 
Chew 1984 

CONCENTRATION OF HIGH MOLECULAR AROMATIC HYDROCARBONS 
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(UG/KG DRY WEIGHT= PPB) 

Sanzo-
(a)-

Fluor- anthra-
Station anthane P:t:rene cane Chr:t:sene 

NH-01 1800 2300 1300 2400 
NH-02 E1700 1900 1100 2200 
NH-03 E4400 E9200 E3300 E4300 
w.v-20 E930 1300 E620 E730 

E36 13000 
E37 13000 
E39 7000 
E4 83 120000 
E4 82 1600 
E40 7200 
E41 1500 
ES 1100 

HE-02 1 L 1100 L1700 L170 L380 
HE-01 2 Ll500 L2300 L260 L600 
HE-03 3 L5500 L7500 L1500 L1900 
HD-04 4 L600 L730 uo uo 
HD-03 5 L2100 L1800 L230 L360 

10018 3200 2800 1400 900 

S0083 200 200 180 550 

U121 738 1252 472 962 

B-5 

Sanzo-
(B+K) -
Fluoran-
thanes 

4500 
E2240 
El 1800 
E1280 

1700 

870 

Ll 100 
L1600 
L5000 
L240 
L900 

2500 

2200 

570 

DUW 80036892 
BVL 
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TABLE B-3. (CONTINUED) 

Benzo-
(a) -

Survey Station Pyrene 

PTI and 
Tetra Tech 
1988 NH-01 EtOOO 

NH-02 E820 
NH-03 E3800 
WW-20 E490 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 83 
E4 82 
E40 
E41 
E6 

Gamponia 
et al. 
1986 HE-02 1 L550 

HE-01 2 uo 
HE-03 3 LtOOOO 
H0-04 4 uo 
H0-03 5 L700 

Mal ins et 
al. 1980 10016 960 

Romberg 
et a I. 
1984 50063 880 

Stober and 
Chew 1984 U121 336 

lndeno- Dibenzo-
( 1 I 2 t 3- (a,h)-
c,d)- anthra-
Pyrene cane 

E680 E200 
E430 E160 
E5800 E2900 
E660 U123 

L100 uo 
uo uo 
uo uo 
uo uo 
uo uo 

480 

820 190 

389 110 

B-6 

Benzo-
(g. h I I) 
pery-
lane 

E620 
E370 
E4900 
E410 

L90 
L120 
L750 
uo 
uo 

610 

286 

DUW 80036893 
BVL 
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TABLE B-4. CONCENTRATION OF PHENOLS IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
CUGIKG DRY WEIGHT• PPB) 

Survey Station 

PTI and 
Tetra Tech 
1988 NH-01 

NH-02 
NH-03 
WN-20 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
E6 

Gamponia 
et al. 
1986 HE-02 

HE-01 
HE-03 
H0-04 
H0-03 

Mal in& et 
al. 1980 10016 

Romberg 
et al. 
1984 S0083 

Stober and 
Chew 1984 U121 

Phenol 

U47 
U7. 1 
E61 
U 11 

1 L20 
2 uo 
3 uo 
4 uo 
5 uo 

27 

4-
methyl
phenol 

U76 
U19 
UB.6 
U29 

B-7 

2-
methyl
phenol 

U75 
U18 
UB.6 
U29 

2,4-
dimethyl
phenol 

U20 
U13 
U6.9 

L140 
L210 
L193 
uo 
L140 

DUW 80036894 
BVL 

B-DUW2-2073367 



TABLE 8-5. CONCENTRATION OF SUBSTITUTED PHENOLS IN NORTH HARBOR ISLAND SEDIMENTS 
CUGIKG DRY WEIGHT= PPB) 

Survey Station 

PTI and 
Tetra Tech 
1988 NH-O1 

NH-O2 
NH-O3 
w-2O 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
E5 

Gamponia 
at al. 
1988 HE-O2 1 

HE-O1 2 
HE-O3 3 
HD-04 4 
HD-O3 5 

Mal Ina at 
al. 1980 10018 

Romberg 
et al. 
1984 S0083 

Stober and 
Chaw 1984. U121 

2-
chloro-
phenol 

U67 
U16 
U7.9 
U26 

2,4-di-
chloro-
phenol 

Ul 1O 
U66 
U27 
U48 

4-chloro-
3-methyl-
phenol 

U26 
U28 
U9 
U22 

142 
178 

B-8 

2,4,6-
tri-
chloro-
phenol 

U61 
U62 
U18 
U52 

uo 
uo 
uo 
uo 
uo 

2,4,5-
tr I-
chloro-
phenol 

U66 
U48 
U40 
U62 

panta-
chloro-
phenol 

E1O1 
U3OO 
U500 
U28O 

L8.5 
uo 
L11O 
uo 
uo 

DUW 80036895 
BVL 
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TABLE B-6. CONCENTRATION OF CHLORINATED AROMATIC HYDROCARBONS 
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(UG/KG DRY WEIGHT• PPB) 

1, 2 ,4-
1,3- 1 I 4- 1,2- tri- 2-chloro- hexa-
dichloro- dichloro- dichloro- chloro- naphtha- chloro-

Survey Station benzene benzene benzene benzene lane benzene 

PTI and 
Tetra Tech 
1988 NH-01 U120 U120 U120 U300 U19 U100 

NH-02 U140 U140 U140 U160 U16 U120 
NH-03 U190 U190 U190 U86 U7.6 l.!200 
ww-20 U140 Ul40 U140 U230 U17 U2l0 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
ES 

Gamponia 
et al. 
1986 HE-02 1 uo uo uo uo uo 

HE-01 2 uo uo uo uo uo 
HE-03 3 uo uo uo uo uo 
HD-04 4 uo uo uo uo uo 
HD-03 5 uo uo uo uo uo 

Mal ins et 
al. 1980 10018 0.1 

Romberg 
et a I • 
1984 50093 

Stober and 
Chew 1984. U121 

B-9 
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TABLE 8-7. CONCENTRATION OF CHLORINATED ALIPHATIC HYDROCARBONS 
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(UG/KG ORY WEIGHT) 

haxa- hexa-
chloro- chloro-

Survey Station ethan• butadlen• 

PTI and 
T•tra Tech 
1988 NH-01 U2400 

NH-02 U3000 
NH-03 U670 
W.V-20 U2800 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
ES 

Gamponla 
et a I. 
1986 HE-02 1 uo uo 

HE-01 2 uo uo 
HE-03 3 uo uo 
H0-04 4 uo uo 
HD-03 5 uo uo 

Mal ins et 
al. 1980 10016 

Romberg 
et al. 
1984 50083 

Stober and 
Chew 1984 -U121 

8-10 

DUW 80036897 
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TABLE 8-8. CONCENTRATION OF PHTHALATES IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(UG/KG ORY WEIGHT• PPB) 

bla-
di- di- di-n- butyl- (2-ethyl- dl-n-
methyl- ethyl- butyl- benzyl- hexyl)- octyl-

Survey Stat ion phthalate phthalate phthalate phthalate phthalate phthalate 

PTI and 
Tetra Tech 
1988 NH-01 E30 E54 E36 

NH-02 Ult 86. 1 E52 
NH-03 L'6.1 E68 81. 8 
\ti\W-2\J E It 811 E76 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
ES 

Gamponla 
et al. 
1986 HE-02 t uo uo L180 1)0 uo 

HE-01 2 uo uo uo uo 500 uo 
HE-03 3 uo uo L180 uo 1400 uo 
H0-04 4 uo uo uo uo uo 
HD-03 5 uo uo uo uo uo 

Mal ins et 
a I. 1980 10016 

Romberg 
et al. 
1984 $0083 230 E3. 1 620 

Stober and 
Chaw 1984 ·u12t 88 

8-11 

~: 80036898 
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TABLE 8-9. CONCENTRATION OF MISCELLANEOUS OXYGENATED COMPOUNDS 
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(UG/KG DRY WEIGHT a PPS) 

Survey 

PTI and 
Tetra Tech 
1988 

U.S. EPA 
Region X 

Station 

NH-01 
NH-02 
NH-03 
\WJ-20 

1982, 1983 E36 
E37 
E39 
E4 82 

lao
phorone 

U200 
U20 
U7.7 
U14 

E4 83 2300 
E40 
E41 
es u200 

Gamponla 
et al. 
1986 

Mal Ins et 
a I. 1980 

Romberg 
et a I. 
1984 

HE-02 1 
HE-01 2 
HE-03 3 
HD-04 4 
HD-03 5 

10018 

S0063 

Stober and 
Chew 1984 .U121 

682 

benzyl 
alcohol 

U350 
U430 
U580 
U400 

benzoic 
acid 

U182 
U100 
U55 
U140 

8-12 

2-methyl
dlbenzo- naphtha-
furan I ene 

E44 
E94 
E480 
E40 

E30 
E72 
E220 
E38 

250 

DUW 80036899 
BVL 
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TABLE 8-10. CONCENTRATIONS OF PESTICIDES ANO PCBS 
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 
(UG/KG ORY WEIGHT) 

Survey Station 41 4'-DOE 4,4'-000 4 1 4'-DDT aldrin 

PTI and 
Tetra Tech 
1988 NH-01 U3,9 US,6 U4,7 U3,4 

NH-02 U4.0 U5.9 U4.9 U3.6 
NH-03 U20 120 U22 U18 
\Wl-20 U4.0 U5.8 U4.9 U3.6 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
ES 

Gamponla 
et al. 
1988 HE-02 1 uo uo uo 

HE-01 2 uo uo uo 
HE-03 3 uo uo uo 
HD-04 4 uo uo uo 
H0-03 5 uo uo uo 

Mal ins et 
a I. 1980 10018 

Romberg 
et al. 
1984 S0083 4. 1 E0.14 

Stober and 
Chaw 1984 U121 2.5 

8-13 

alpha- beta-
dieldrln HCH HCH 

U4,8 
us.o 
U17 
us.o 

u2.o U5.0 
U2.1 U5.2 
U11 U24 
U2. 1 US.2 

DUW 80036900 
BVL 
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TABLE 8-10. (CONTINUED) 

Survey Station 

PTI and 
Tetra Tech 
1988 NH-01 

NH-02 
NH-03 
w.v-20 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 
E4 82 
E4 83 
E40 
E41 
E6 

Gamponi ■ 
et al. 
1988 HE-02 1 

HE-01 2 
HE-03 3 
HD-04 4 
HD-03 6 

Mal ins at 
al. 1980 10018 

Romberg 
et 11. 
1984 S0083 

Stober and 
Chew 1984 Ut2t 

ganma-
del t1- HCH 1ndrln- hepta- toxa
HCH (I indane) chlordane endrin aldehyde chlor phena 

U2.6 
U2.8 
U13 
U2.7 

U2.3 
U2.4 
U13 
U2.4 

U61 
ue.4 
U290 
U83 

8-14 

U4.8 
U6. 1 
U23 
U5.0 

ue.s 
ue.e 
U29 
U8.7 

U3.2 
U3.3 
U17 
U3.3 

200 

200 
200 
200 

DUW 80036901 
BVL 
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TABLE B-10. (CONTINUED) 

Arochlor 
Survey Sta-t I on 1018 

PTI and 
Tetra Tech 
1988 NH-01 

NH-02 
NH-03 
ww-20 

U.S. EPA 
Region X 
1982, 1983 E36 

E37 
E39 100 
E4 82 
E4 83 100 
E40 100 
E41 100 
E6 

Gamponla 
et al. 
1988 HE-02 t uo 

HE-01 2 uo 
HE-03 3 uo 
H0-04 4 uo 
H0-03 6 uo 

Mal Ina et 
al. 1980 10018 

Romberg 
et al. 
1984 S0063 

Stober and 
Chew 1984 U121 

Arochlor Arochlor Arochlor 
1221 1232 1242 

E200 

280 

uo uo L60 
uo uo L26 
uo uo L420 
uo uo uo 
uo uo L76 

8-15 

Arochlor 
1248 

L50 
L26 
L420 
uo 
L76 

Arochlor Arochlor 
1254 1280 

E100 E1200 
E1400 

EIOO 720 
E200 

E200 3700 
EtOO E200 

E250 
E200 

Lt700 L500 
L180 L150 
L2300 L900 
L1400 L80 
L130 L37 

DUW 80036902 
BVL 
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TABLE B-10. (CONTINUED) 

total 
Survey Station PCBs 

PTI and 
Tetra Tech 
1988 NH-01 E160 

NH-02 E190 
NH-03 E3300 
WW-20 E160 

U.S. EPA 
Region X 
1982, 1983 E38 E1300 

E37 E1500 
E39 E920 
E4 82 E400 
E4 83 E4000 
E40 E400 
E41 E360 
E6 E460 

Gamponia 
et al. 
1986 HE-02 1 L2300 

HE-01 2 L480 
HE-03 3 L4000 
H0-04 4 L1600 
HO-OS 6 L320 

Mal ins et 
al. 1980 10018 171 

Romberg 
et al. 
1984 S0083 488 

Stober and 
Chew 1984 U121 198 

8-16 

DUW 80036903 
BVL 
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TABLE B-11. 

Survey 

PTI and 
Tetra Tech 
1988 

Stober and 
Chew 1984 

CONVENTIONAL PARAMETERS IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS 

percent percent 
percent total total 
total volatile organic 

Station sol ids sol ids carbon 

NH-01 71.99 2.93 E0.99 
NH-02 60.40 6.82 El. 78 
NH-03 41. 18 7.25 E3.01 
WW-20 63. 77 3.93 El .07 

U121 62.2 3.17 0.850 

B-17 

oi I and 
percent grease 
nitrogen (ppm) 

0.067 248 
0.09 687 
o. 15 4089 
0.073 .286 

0.057 142 

aulflde 
(ppm) 

73 
107 
369 
35 
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APPENDIX C 

SEDIMENT REMEDIAL ALTERNATIVE EVALUATION CRITERIA 



SEDIMENT REMEDIAL ALTERNATIVE EVALUATION CRITERIA 

Requirements of Comprehensive Environmental Response Compensation and 

Liability Act (CERCLA), the National Contingency Plan (NCP), and Superfund 

Amendments and Reauthorization Act (SARA) were used as guidance for 

development of evaluation criteria applicable to sediment remediation in 
Elliott Bay. Final guidance has not been provided by U.S. EPA on the 
procedures for evaluating remedial alternatives at Superfund sites under 

SARA. However, the draft guidance document for conducting feasibility 

studies in accordance with CERCLA/SARA has been incorporated into the 

evaluation process for Commencement Bay (U.S. EPA 1987b). In addition, 

categories of criteria specified in CERCLA guidance documents (e.g., U.S. 

EPA 1985e) were modified on an interim basis by U.S. EPA (1986d) and Porter 
(1987) to include new requirements under SARA [e.g., compliance with all 
applicable or relevant and appropriate requirements (ARARs) and preference 

for permanent solutions or treatments]. Although the process of sediment 

remediation in Elliott Bay problem areas will not be conducted under CERCLA 
regulations, the criteria for sediment remediation at the Commencement Bay 

Nearshore/Tidefl ats Superfund site are used here for defining pertinent 
regulations. Criteria applicable to Superfund remedial actions only are 
also noted. 

Effectiveness, implementability, and cost criteria are defined in 

Sections 6.1, 6.2, and 6.3, respectively. Section 6.2 is substantially 

longer than the other sections, primarily because the set of applicable or 

relevant and appropriate requirements (ARARs) discussed under institutional 
feasibility is large and complex. Section 6.4 presents the framework for 

selecting· the pr~ferred sediment remedial alternative. By definition, this 

alternative must effectively meet the objectives of the Elliott Bay sediment 

remediation effort. The intent of recent guidance for CERCLA sites is to 

provide permanent solutions that are consistent with ARARs. One of the 
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objectives for sediment remedial alternatives in Elliott Bay is to provide 
permanent solutions. Any remedial actions in Elliott Bay should also meet 
the objective of compliance with ARARs. The selection process is complicated 
by technical and institutional uncertainties and by tradeoffs among 
alternatives. The evaluations presented are based on the best available 
information. · The relative significance of these uncertainties affects the 
final standing of the various alternatives. The tradeoff s that emerge in 
comparing the alternatives are also considered in the selection process. 
The final selection and implementation of the preferred alternative for each 
problem area may be modified to reflect availability of existing technology 
(e.g., availability of specialized dredge equipment), and refinements to the 
chemical database (e.g., core data for defining the depths of sediment 
contamination). 

EFFECTIVENESS CRITERIA 

The purpose of this section is to identify and define four effectiveness 
criteria: short-term protectiveness; timeliness; long-term protectiveness; 
and reductions in contaminant toxicity, mobility, or volume. 

Short-Term Protectiveness 

Short-term protectiveness is the predicted ability of the candidate 
sediment remedial alternative to minimize public health and environmental 
risks caused by exposure to contaminants during the implementation phase. 
The analysis identifies potential hazards associated with implementation and 
corresponding control measures. The evaluation of candidate sediment 
remedial alternatives based on short-term protectiveness includes the 
following considerations: 

■ ·Community protection during implementation - Potential public 
health risks due to implementing the alternative, including 
additional hazards due to the action itself. This evaluation 
includes a general assessment of potential hazards to public 
heal th associated with excavation, transfer/transport, 
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treatment, and disposal of the contaminated sediment. 
Potential routes of exposure and targets are also considered. 

• Worker protection during implementation - Potential occupa
tional hazards due to implementing the alternative, including 
hazards associated with exposure of sediments during 
excavation, transfer/transport, treatment, and disposal. 
This evaluation includes both physical and chemical hazards 
associated with each process option, the degree of specialized 
safety training required for implementation, and an informal 
assessment of the potential hazards posed by a major worker 
exposu·re incident. 

• Environmental protection during implementation - Nature and 
magnitude of potential environmental impacts associated with 
implementing the alternative. This evaluation includes 
identification of the environment at risk and review of the 
potential impacts associated with system failures during 
implementation. 

Timeliness 

Timeliness refers to the estimated time required for the candidate 
alternative to meet remedial objectives, that is, effect mitigation and 
achieve results based on observed biological effects. This evaluation 
includes an assessment of the time required for the following activities: 

• Demonstration of feasibility of unproven technologies 

• Modification of existing technologies to site-specific 
· conditions 

• Development of treatment or disposal facilities not currently 
in existence 
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■ Implementation of sediment remediation, including treatment 
and disposal as necessary. 

Implementation of effective source control is integral to the success of 
sediment remediation. Source controls must be implemented prior to or in 
conjunction with sediment remedial actions to assure maintenance of 
environmentally acceptable conditions. A revised action plan that identifies 
corrective actions for Elliott Bay problem areas is being developed (Tetra 
Tech in preparation). 

Long-Term Protectiveness 

Long-term protectiveness is the predicted ability of the candidate 
sediment remedial alternative to minimize potential hazards in both the 
problem areas and the ultimate disposal sites after the objectives of the 
alternative have been met. Effectiveness of the engineering and institu
tional controls available to manage risk (U.S. EPA 1987b) are especially 
important. This analysis includes an assessment of hazards associated with 
disposal of untreated waste or residuals resulting from treatment options. 
The analysis also assesses hazards due to potential failure of the technical 
components of the alternative (e.g., containment structures, treatment 
systems). The evaluation of candidate sediment remedial alternatives based 
on evaluation of long-term protectiveness includes the following considera
tions: 

■ Long-term reliability of containment facilities - Permanence 
in remediating the observed adverse environmental effects and 
in providing a final solution for the isolation, treatment, 
and disposal of contaminated sediments. The analysis 
estimates the magnitude and nature of the hazards due to 

· potential failure of the protective components of the system, 
identifies the components most susceptible to failure, and 
assesses the engineering and institutional controls required 
to ensure system reliability. Population and environment at 
risk are identified. 
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■ Protection of public health - Long-term ability to reduce 
public health hazards associated with the contaminated 
sediments within the disposal sites or residual contamination 
in problem areas. This evaluation includes an assessment of 
how the subject alternative achieves protection over time, 
how site hazards are permanently reduced, and how treatment 
or disposal processes impact long-term health hazards. This 
evaluation requires estimates of the feasibility of source 
control. 

■ Protection of the environment - Potential long-term environ
mental impacts associated with implementation, based on 
system reliability and associated long-term hazards. This 
evaluation includes identification of the environment and 
media at risk and the potential sensitivity of the environment 
to system failures (including failure to perform to prescribed 
specifications). This evaluation also requires an assessment 
of the effectiveness of system performance monitoring. 

Reductions in Toxicity, Mobility. or Volume 

This criterion addresses the statutory preference for using treatment 
technologies to reduce the principal threats posed by contaminants in the 
problem areas (U.S. EPA 1987b) as opposed to protection achieved through 
prevention of exposure. This analysis requires that volume be addressed 
separately from toxicity or mobility, because some of the treatment or 
removal process options tan increase volumes (e.g., solidification, hydraulic 
dredging). For problem areas containing mixed wastes (e.g., organic and 
inorganic contaminants), the portion of the waste subject to treatment must 
be delineated. The reduction in the threat posed by the contaminants may be 
achieved through destruction of toxic contaminants (e.g., incineration), 
reduction of the total mass of toxic contaminants (e.g., chemical oxidation), 
irreversible reduction in contaminant mobility (e.g., solidification), or 
reduction of total volume of contaminants (e.g., solvent extraction). The 
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degree to which treatment processes are irreversible, the type and quantity 
of residuals remaining following treatment, and the methods for managing 

residuals are considered. 

The evaluation under this criterion focuses on the treatment processes 
that are employed and the contaminants they have been developed to address. 
The estimated efficiency of the treatment process is considered based on the 
problem chemicals present. The percentage reduction in toxicity, mobility, 
or volume can only be quantified following the completion of bench-scale 
testing of problem sediments. Recent U.S. EPA guidance further suggests 
that alternatives be developed that use permanent solutions and alternative 
treatment technologies or resource recovery technologies to the maximum 
extent practicable. Based on the nature and concentration of the contami
nants in the sediments of the eleven problem areas, resource recovery is not 
expected to be practical. 

IMPLEMENTABILITY CRITERIA 

The purpose of this section is to identify and define three general 
implementability criteria: technical feasibility, institutional feasibility, 
and availability. 

Technical Feasibility 

Technical feasibility is the ability of the candidate sediment remedial 
alternative to be fully implemented based on site-specific chemical and 
physical features as well as general construction and engineering con
straints. The evaluation of technical feasibility focuses on implementation, 
maintenance, and monitoring. The evaluation of candidate sediment remedial 
alternatives based on technical feasibility includes the following consider
ations: 

■ Feasibility and reliability of process options - Feasibility 
of constructing the necessary components of the remedial 
alternatives, and rel ia_bil ity of the corresponding process 
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options. This evaluation includes a qualitative estimate of 

hazards due to system failure at any point in the remediation 
process, and may include an evaluation of the effectiveness 
of contingency plans. The ability of a technology to meet 
specified process efficiencies or performance goals is also 
considered. 

■ Implementation of monitoring programs - Ability to track 
performance of the candidate alternative in meeting the 
remedial objectives. This evaluation involves estimating 
confidence in early detection of problems and identifying 
potential exposures (public health and environment) caused by 
inability to detect system failures. This eva 1 uat ion al so 

requires a determination of whether migration pathways are 

sufficiently well-defined to be adequately monitored. 

■ Implementation of O&M - Feasibility and time required to 
implement an O&M program to ensure the maximum reliability 
and performance of the system. 

Institutional Feasibility 

Institutional feasibility is the ability of the candidate sediment 
remedial alternative to meet the intent of all applicable criteria, regula

tions, and permitting requirements. The evaluation of the candidate sediment 
remedial alternatives based on institutional feasibility includes the 
following considerations: 

■ Approval of relevant agencies - Feasibility of obtaining 
necessary agency approvals, including time and activities 

·require~. Although CERCLA actions are exempt from permit 

requirements under SARA, this evaluation addresses the need 

for, and feasibility of, obtaining concurrence from appro
priate agencies on whether the candidate alternative will 
meet the substantive aspects of the permit requirements. 
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The compliance of the subject alternative with advisories and 
guidance for similar projects in similar environmental 
settings is also considered. 

■ Compliance with ARARs - Compliance of the subject alternative 
with the regulatory framework governing activities related to 
the problem area-specific environmental setting, protection 
of public health, and activities required to implement the 
remedial action and associated process options. This 
evaluation focuses on the approach to handling and treatment 
of contaminated dredge material, including disposal, as 
required by the alternative. 

The following detailed discussion is provided to identify applicable or 
relevant and appropriate requirements that must be considered in evaluating 
the alternatives. 

Compliance with ARARs~-

The purpose of this section is to identify ARARs in terms of their 
importance in assessing candidate alternatives. ARARs are critical in the 
selection of appropriate remedies and will influence the implementation of 
remedial alternatives in individual problem areas. Because several actions 
such as dredging, dredge water management, and dredged material disposal are 
common to more than one candidate alternative, the discussion is organized by 
functional activity rather than remedial alternative, as follows: 

■ No action 

■ Institutional controls 

■ Dredging 
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■ Treatment of contaminated sediments 

■ Disposal of uncontaminated and contaminated sediments, capping 
material, and treatment residues. 

ARARs of federal and state government and Indian tribes must be 
considered during remediation under CERCLA and SARA (40 CFR Part 300). These 
ARARs are al so pertinent to remedial activities which are not conducted 
under CERCLA and SARA. Although local ordinances are not specified as 
ARARs, they are considered in the selection of alternatives. Section 121 
(J)(2)(A) of SARA incorporates the CERCLA Compliance Policy specifying that 
remedial actions meet promulgated requirements, criteria, or limitations 
that are potentially applicable or relevant and appropriate. The policy 
further states that other standards, criteria, advisories, and guidance that 
may be useful in developing remedies are to be considered. For a non 
CERCLA/SARA action, federal, state, and local government and Indian tribe 
regulations must also be considered. 

For CERCLA sites, Porter (1987) differentiates between requirements 
that are applicable, and requirements that are relevant and appropriate: 

■ Applicable requirements consist of substantive environmental 
protection requirements (e.g., standards for cleanup or 
control) promulgated under federal or state 1 aw that 
specifically address a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance 
at a CERCLA site (e.g., water quality criteria, air emissions 
criteria, state hazardous waste regulations) 

■ Relevant and appropriate requirements consist of substantive 
·requirements promulgated under federal or state law that, 
while not applicable, are sufficiently similar to applicable 
requirements that their use is well suited to a particular 
site (e.g., PSDDA guidance). 
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If components of a candidate remedial alternative fall under the 
jurisdiction of a given ARAR, that ARAR is deemed applicable. Jurisdictional 
requirements include the following: 

■ Substances covered 

• Time period covered 

• Types of facilities covered 

• Persons covered 

• Actions covered 

• Areas covered . 

A requirement may be relevant and appropriate even if it is not 
applicable. In general, a requirement can be considered relevant and 
appropriate if the situation at the site is sufficiently similar to a 
problem that the requirement is designed to address. This determination 
relies heavily on professional judgment, using the following factors to 
compare the site conditions to the requirement in question: 

■ Similarity of goals and objectives of the requirement and the 
remedial alternative 

■ Environmental media and substances regulated and targeted for 
remediation 

■ Action or activity regulated and considered for remediation 

■ Type of physical location, structure, and facility regulated 
and considered for remediation 

■ Resource use or potential use. 
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Federal, state, and local permits will be required for removal or 
remedial actions. Substantive (but not procedural or administrative) 
requirements of permit applications are relevant and appropriate for removal 
and remedial actions. The transfer of hazardous or contaminated material is 
allowed only if there is a facility operating in compliance with RCRA, TSCA, 
or other federal laws, and all applicable state and local requirements. 

ARARs can be classified as chemical-specific, location-specific, or 
action-specific. Chemical-specific ARARs are health-based or risk-based 
concentrations or ranges of concentrations in environmental media for 
specific chemicals. Examples of chemical-specific ARARs are federal water 
quality criteria (WQC), air quality standards (federal, state, and local), 
and maximum contaminant levels [MCL, or MCL goals (MCLG)] set by the Safe 
Drinking Water Act (SOWA). If a chemical has more than one ARAR, the most 
stringent value should be used. 

Location-specific ARARs may set restrictions on remedial activities 
based on the characteristics of the environment in the vicinity of the site. 
Examples of location-specific ARARs include the Coastal Zone Management Act 
(CZMA), Executive Orders for floodplain and wetland protection, and regula
tions to protect sites of archaeological and historical value. 

Action-specific ARARs may set restrictions based directly on the nature 
of a remedial alternative. Examples of action-specific ARARs are RCRA 
design and monitoring requirements for closure and post-closure of disposal 
sites, and Clean Water Act requirements for dredging and dredged material 
disposal. 

Other standards, criteria, advisories, and guidance that may be useful 
in developing remedial action alternatives include: local ordinances, 
guidelines, and advisories such as City of Seattle shoreline and land use 
plans; PSDDA guidelines for the handling and disposal of dredged material; 
and carcinogenic potency factors and reference doses established by U.S. EPA 
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for use in developing criteria such as MC Ls. These factors can al so be 
classified as chemical-specific, action-specific, or location-specific. 

The _remainder of this section is organized by type of ARAR (i.e., 
chemical-, location-, or action-specific). For each ARAR type, a selected 
list of potential ARARs is developed; and for each ARAR, a determination is 
made about whether it is applicable, or relevant and appropriate. 

Identification of Potential Chemical-Specific ARARs--For dredging and 
dredged material disposal, chemical-specific ARARs issued at the federal 
level that are potentially applicable include MCLs and MCLGs under RCRA and 
SOWA, and ambient water quality criteria. RCRA incinerator regulations 
include a process for establishing chemical-specific emission limitations 
for principal organic hazardous constituents (POHCs). In addition, U.S. EPA 
has proposed regulations to limit emissions from boilers utilizing contami
nated materials as feedstock. MCLs are enforceable drinking water standards 
developed for public drinking water supplies. MCLs are based primarily on 
health considerations, with some allowance for cost and feasibility. MCLGs 
are developed under SOWA as chemical-specific health goals and are used to 
set MCLs. MCLGs are set at levels where there are no known or anticipated 
health effects, and include a safety margin. Federal ambient water quality 
criteria are based on laboratory bioassays and are designed for the 
protection of aquatic life. Under Section 121 of SARA, remedial actions 
require a level or standard of control which at least attains MCLGs or water 
quality criteria where such goals are deemed to be relevant and appropriate. 
For remedial actions in Elliott Bay, a level or standard of control which 
attains MCLGs or water quality criteria will also be relevant and appro
priate. 

Other potential federal ARARs include ambient air quality standards 
specified-by the Clean Air Act and standards specified by the federal Occupa
tional Safety and Health Act (OSHA). The Food and Drug Administration (FDA) 
has developed limited criteria for maximum levels of hazardous compounds in 
fish tissue. These criteria exist for PCBs (2.0 mg/kg) and mercury 
( 1. O mg/kg). The federa 1 Clean Air Act specifies standards for suspended 
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particulates and a limited number of chemicals. Under OSHA, the National 
Institute for Occupational Safety and Health (NIOSH) develops permissible 
exposure limits (PELs) and other enforceable exposure guidelines for 
selected hazardous chemicals. 

At the ·state level, potential chemical-specific ARARs include air 
emission standards and requirements for new sources including Ecology's 
Toxic Air Guidelines. Requirements have also been promulgated by the 
Washington Industrial Safety and Health Act (WISHA) for workers exposed to 
hazardous chemicals. 

At the regional level, potential chemical-specific ARARs include permit 
requirements and emissions standards of the PSAPCA and interim criteria for 
the disposal of dredged material in Puget Sound established by the PSDDA. 
PSAPCA has generally adopted and enforces federal clean air standards 
(although in some cases, regional standards are more restrictive). However, 
PSAPCA can, and has, developed chemical-specific standards on a case-by-case 
basis. 

Other chemical specific information which is issued at the federal 
level includes carcinogenic potency factors (for carcinogens) and reference 
doses (for non-carcinogens). Carcinogenic potency factors and reference 
doses relate to sediment remedial activities through the development of 
human health risks based on various exposure pathways (e.g., consumption of 
seafood or ingestion of groundwater). Chemical-specific limits derived from 
exposure estimates may be considered. At the regional level, PSDDA interim 
guidelines for the disposal of dredged material in Puget Sound are also 
based on defining potential problem sediments as determined by biological 
effects associated with observed chemical contamination. PSDDA interim 
disposal guidelines are not codified but have been applied and are presently 
being con•sidered for adoption for standard use by regulatory agencies in 
Puget Sound. 

Determination of Applicability or Relevance and Appropriateness-
Federal ambient water quality criteria are directly applicable to alterna-
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tives involving dredging or the placement of dredged material or other 

material in marine waters. Federal water quality criteria and PSDDA 

criteria apply to the substances in question (dredged material), persons 

covered ( any person), and actions covered (dredging). PSDDA criteria and 
procedures have not been codified but they satisfy the definition of ARARs 
because they have been generally accepted and will be uniformly applied by 
federal and state regulatory agencies. Applicability of these ARARs does 

not depend on the time period covered or the types of facilities involved. 

Federal water quality criteria and PSDDA criteria are also applicable to 

confinement alternatives because this alternative involves the disposal of 

uncontaminated material. Federal water quality criteria are applicable to 
nearshore disposal alternatives insofar as there is a potential for 
contaminants from the dredged material to reach the adjacent water (e.g., 

water quality criteria are appropriate for use during a post-remediation 
monitoring plan). 

OSHA and WISHA requirements are applicable insofar as workers may be 

exposed to hazardous substances during the course of remediation. Federal 
clean air standards and PSAPCA standards are applicable to the extent that 
materials may be released to the atmosphere during remediation (e.g., 
volatilization of contaminants during nearshore and upland placement, or 

release of contaminants during incineration). RCRA and SOWA MCL and MCLGs 
are applicable to the alternatives involving disposal at either upland or 

nearshore if there is an aquifer for public drinking water sources that may 

be affected. These ARARs are relevant and appropriate primarily because 
they regulate groundwater concentrations of contaminants - a factor that 

will have to be considered (e.g., via post-remediation monitoring) at upland 

and nearshore dredged material disposal sites. MCL, MCLGs, and water 

quality criteria for drinking water are relevant and appropriate for 
situations where groundwater is or may be used for drinking water. Where a 

groundwater aquifer is not used as a drinking water supply, but is dis

charging to Elliott Bay, acute and chronic marine water quality criteria are 

relevant and appropriate. 
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Major chemical-specific ARARs for contaminated sediment remedial 
alternatives are listed in Table 8. Chemicals listed in Table 8 are among 
chemicals found in one or more problem areas. 

Identification of Potential location-Specific ARARs--location-specific 
ARARs issued at the federal level that are potentially applicable include 
the Coastal Zone Management Act (CZMA); Clean Water Act; Marine Protection, 
Research, and Sanctuaries Act (MPRSA); and the Rivers and Harbors Appro
priations Act. The CZMA established a program whereby coastal states can 
receive assistance in developing their own coastal zone management program. 
The State of Washington developed such a program under the CZMA, with the 
Shoreline Management Act (described below) effectively superceding the CZMA. 
The most important components of the Clean Water Act are Section 401 (state 
water quality certification for federally permitted activities), Section 402 
(establishes the NPDES program), and Section 404 (establishes a permitting 
and permit review process for dredging and dredged material disposal). The 
most important component of the MPRSA is its provisions, requirements, and 
guidelines for ocean disposal. The Rivers and Harbors Appropriation Act in 
essence gives the U.S. Army Corps of Engineers authority to regulate any 
activities that may interfere with navigation (e.g., dredging and dredged 
material disposal). 

At the state level, potential location-specific ARARs are the Shoreline 
Management Act, Washington Department of Natural Resources (DNR) guidelines 
and procedures for leasing submerged lands, the Toxics Control Act, and the 
Department of Fisheries hydraulics permit requirements, and Department of 
Game hydraulics permit requirements. Under the state Shoreline Management 
Act, the City of Seattle has prepared a Shoreline Master Program to regulate 
land use and construction within the coastal zone. As trustee over the 
submerged lands of the state, DNR manages all dredged material disposal 
sites via- a subm~rged lands leasing program. 

At the regional and local levels, potential location-specific criteria 
are limited to 1) the requirements, procedures and guidelines for open-water 
disposal specified by PSDDA and 2) land use requirements specified by the 
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City of Seattle in its shoreline plan and land use plan (for areas outside 
the coastal zone). PSDDA has developed procedures for evaluating the 
suitability of dredged material for open-water unconfined disposal, and 
procedures, guidelines, and criteria for establishing open-water sites for 
the unconfined di sposa 1 of dredged materi a 1 . PS DOA and PSWQA are in the 
process of developing similar guidance for other disposal options, including 
conventional land and nearshore disposal and confined disposal. 

Under the Shoreline Management Act, the City of Seattle issues (or 
denies) a shoreline substantial development permit for any project within 
200 ft of ordinary high water, including designation of a dredged material 
disposal site. Application of Seattle land use regulations will vary 
depending on specific land use designations in problem areas. The offshore, 
nearshore, and upland (within 200 ft of ordinary high water) disposal of 
dredged material, and any other remedial alternative involving shoreline 
development (e.g., construction of dredged material treatment facilities) is 
subject to the specifications and guidelines set forth in the Seattle 
shoreline and land use plans. 

Determination of Applicability or Relevance and Appropriateness--Based 
on the determining factors listed above, Sections 404 and 401 of the Clean 
Water Act and Section 10 of the Rivers and Harbors Appropriations Act 
(guidance provided in 40 CFR Part 230.10 and 33 CFR Parts 320-330) are 
applicable to all remedial alternatives involving dredging and disposal of 
dredged material in navigable waters. The CZMA is applicable to alternatives 
involving the disposal of material or construction of treatment facilities 
in the coastal zone. 

MPRSA requirements for ocean disposal are relevant and appropriate to 
remedial alternatives involving the open-water disposal of dredged or 
capping material. The MPRSA establishes guidelines and requirements for 
siting ocean disposal sites and monitoring dumping activities therein. 
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Major location-specific ARARs for contaminated sediment remedial 
alternatives are listed in Table 9. Status as applicable or relevant and 
appropriate is also shown for the ARARs. 

Identification of Potential Action-Specific ARARs--This section is 
organized according to the following categories of actions involving 
contaminated sediments: no action; institutional controls; dredging; 
treatment of dredged material; and placement, disposal, or discharge of 
treated dredged material and water (e.g., from dewateri ng, settling, and 
treatment), untreated dredged material, capping material, and treatment 
residues (e.g., filter cakes from water treatment operations). 

No Action--The "implementation" of this alternative would result in the 
nonattainment of many ARARs, including the intent of the National Contingency 
Plan. For example, the NCP requires that selected remedies cost-effectively 
mitigate and minimize threats to and provide adequate protection of public 
hea 1th and welfare and the environment [ 40 CFR Part 300. 68 ( i)]. Based on 
the analysis of toxic contamination in Elliott Bay (PTI and Tetra Tech 1988), 
this goal would not be accomplished. 

Institutional Controls--Institutional controls minimize human health 
risks from hazardous substances primarily via mechanisms that prevent 
exposure to the substances. There are many types of possible institutional 
controls, including site fencing, posting of health advisories, and bans for 
the consumption of contaminated biota or groundwater. Site fencing may 
require boundary survey work and consideration of Seattle land use and 
permitting requirements. Posting of health advisories may require close 
coo rd i nation with the King County Hea 1th Department and cons i de ration of 
their regulations and guidelines. Because of the limited effectiveness of 
institutional controls alone, this alternative will fail to satisfy the 
goals set forth by PSWQA to clean up Puget Sound. However, it is feasible 
and advisable to use some selected institutional controls in conjunction 
with other remedial alternatives. 
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Dredging Activities--Dredging technologies under consideration include 
hydraulic cutterhead, specialized hydraulic dredge, watertight bucket 
clamshell, and mud cat. Federal action-specific ARARs relating to dredging 
include ~he Clean Water Act (Sections 404 and 401), Rivers and Harbors 
Appropriations Act (Section 10), and MPRSA. There are no state ARARs that 
specifically regulate dredging. However, state water quality requirements 
(under Section 401 of the Clean Water Act) may be considered during dredging 
activity and may be considered an action-specific ARAR as well as a location
specific ARAR. The water quality considerations may involve the state 
Departments of Ecology, Natural Resources, Fisheries, and Game. The 
Departments of Fisheries and Game are involved by virtue of their mandate to 
consider the substantive aspects of requirements for a hydraulics permit for 
any project that may interfere with the natural fl ow of surface water. 
ARARs that specifically regulate dredging in the Elliott Bay area are 
addressed in the City of Seattle shoreline management plan. 

The substantive aspects of requirements established by the Clean Water 
Act (including state water quality certification), and the Rivers and 
Harbors Appropriations Act are applicable to dredging actions on an action
specific basis because remedial dredging satisfies their jurisdictional 
requirements. Limitations on times of the year when dredging may occur are 
mandated by the Muckleshoot Indian Tribe and the Department of Fisheries. In 
general, dredging is not allowed between mid-March and June, or during the 
fall. 

It is possible that the applicability, or relevance and appropriateness 
of specific requirements of dredging ARARs may vary by problem area and by 
dredging technology. For example, compliance with substantive aspects of 
Sections 404 and 401 of the Clean Water Act and state water quality 
requirements will be necessary for all dredging activities. However, 
specific ·restri~tions may be imposed by some agencies under certain 
conditions (e.g., required use of a silt curtain by the Department of 
Fisheries or Game to avoid impacts to migrating anadromous fish). 
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The MPRSA does not provide requirements or guidelines for the testing of 
dredged material per se and is thus not an applicable ARAR. However, general 
guidelines for the testing of material for ocean disposal may be relevant and 
appropriate for remedial alternatives involving dredging. 

Treatment Activities--Categories of treatment · technologies under 
consideration include solidification/stabilization, chemical treatment, 
incineration, phys i ca 1 treatment, and 1 and treatment. There are a variety 
of alternative treatment methods within each of these categories. The 
discussion of ARARs in this section focuses only on the above four cate
gories. 

Most ARARs for contaminated sediment treatment relate to the release or 
disposal of materials resulting from the treatment process. In addition, 
there may be releases to the atmosphere (e.g., from incineration), ground
water (e.g., from infiltration of effluent or leachate), and surface water 
(discharge of effluent). There may also be the need to dispose of materials 
such as filters contaminated during the treatment process (see next section 
entitled Availability). 

Potential federal ARARs for waste treatment are currently limited to 
onsite incineration and land treatment. There are proposed standards for 
thermal treatment other than incinerators; for chemical, physical, and 
biological treatment other than tanks, surface impoundments, or land 
treatment units; and for the control of volatile organic emissions from air 
stripping operations. There are no potential state ARARs for specific 
candidate treatment technologies. 

Dredge, Treatment, and Capping Material Disposal--Action-specific ARARs 
that pertain to the di sposa 1 of materi a 1 s overlap somewhat with chemi ca 1 -
specific and location-specific ARARs. ARARs for the open-water or nearshore 
disposal of dredged material (treated or untreated) or capping material are 
analogous to location-specific (and to some extent, chemical-specific) ARARs 
discussed above. ARARs for the disposal of treated and untreated dredged 
material and capping material depend to a significant degree on contaminant 
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concentrations. For example, some materials may not meet the PSDDA chemical
specific guidelines for open-water treatment, requiring either confined 
nearshore or upland disposal. 

Current state and U.S. EPA policy requires that any untreated, 
contaminated dredge sediments be disposed of at a faci 1 i ty that is in 
compliance with state requirements, RCRA or Toxic Substance Control Act 
[TSCA (for PCB disposal)]. The requirements for handling and disposal of 
treated dredge material will depend on chemical analyses conducted following 
remediation. 

Action-specific ARARs may also be invoked for the disposal of effluent 
from treatment processes. It is very unlikely that an effluent will be 
classified as a RCRA hazardous waste or a state Dangerous or Extremely 
Hazardous Waste. However in such a case, the potential ARARs discussed above 
would have to be evaluated. Depending on the results of bench-scale 
treatabil ity studies, treatment wastewater may be discharged to surface 
water or a publicly owned treatment works (POTW) if applicable effluent 
guidelines can be achieved. Potential federal ARARs for such actions 
include requirements for testing and monitoring of Section 402 of the Clean 
Water Act and requirements for the discharge of effluent to a POTW. 
Potential state ARARs for the discharge of treatment wastewater include the 
following: 

■ Water pollution control and discharge standards that require 
treatment with known, available, and reasonable methods 

■ Regulations for the protection of upper aquifer zones that 
require protection of water quality to the extent practical 

■ ·The state waste discharge program for discharges of wastewater 
to groundwater 

■ Water pollution control regulations that provide for the use 
of water quality regulations at hazardous waste sites. 
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The ARARs discussed above are all applicable because their jurisdictional 
requirements are met by the candidate remedial alternatives. 

Additional considerations relating to Elliott Bay remedial actions would 
include current PSDDA guidelines for the testing of dredged material prior 
to disposal. Disposal options for treated and untreated dredged material 
and capping material depend to a significant degree on contaminant concen
trations. In addition, construction of treatment facilities may require 
consideration of the City of Seattle's land use plan, building codes, and 
grading and drainage ordinances. It is unlikely that disposal of untreated 
sediment will be allowed at a local municipal solid waste landfill or PSDDA 
open-water unconfined site due to liability issues associated with hazardous 
and dangerous wastes. 

Major action-specific ARARs 
alternatives are listed in Table 10. 
appropriate is also shown. 

Availability 

for contaminated sediment remedial 
Status as applicable, or relevant and 

This evaluation criterion refers to the availability of the equipment 
and specialized expertise required to perform the candidate alternative as 
we 11 as the availability of the necessary treatment, storage, or disposal 
capacity. Current stage of development (i.e., of the various technologies) 
and potential vs. current availability are also considered. 

At present, the availability of upland disposal facilities within the 
vicinity of Elliott Bay and King County is uncertain. As discussed in the 
preliminary screening of alternatives (Section 4.0), several potential 
disposal ·sites w_i_thin the area have been reviewed. However, no upland 
disposal sites have been established and approved for disposal of contami
nated dredge material. It was assumed for the evaluation, however, that an 
upland disposal facility could be made available within the project area. 
It was assumed that agency approval, tribal acceptance, and public acceptance 
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would be feasible. These assumptions are based on the need for some kind of 
disposal facility based in the project area, to provide reasonable transpor
tation costs. 

The availability of nearshore disposal facilities within the Elliott Bay 
area is virtually zero. Port of Seattle sites may be available for dredging 
projects initiated by the Port. However, planning and design of a nearshore 
facility for designation as a multi-user site is not anticipated. 

The potential for offs ite disposal of untreated contaminated dredge 
material has largely been dismissed because of inherent difficulties 
associated with dewatering and transport of marine sediment, and the asso
ciated costs of both transport and disposal. However, if treated sediment 
is determined to meet local, state, and federal criteria for designation as 
nonhazardous waste, the material could feasibly be placed in a sanitary 
landfill or used as an inert fill material. Concentrated residues that may 
be generated by implementation of one or more treatment alternatives will be 
dealt with in strict accordance with state and federal regulations, including 
disposal at a RCRA-approved treatment, storage, or disposal facility, as 
appropriate. The factors which must be considered for disposal in a 
sanitary landfill (i.e., increased traffic, moisture content), and the 
recent regional problems with designation of landfill sites would make 
disposal in a sanitary landfill difficult. The use of limited landfill 
capacity for the disposal of sediment, especially with solid waste disposal 
rates on the rise, would probably raise considerable public controversy. 

COST CRITERIA 

Order-of-magnitude costs were estimated for each combination of 
remedial alternative and problem area. Costs were grouped into the following 
categories: 
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■ Construction and implementation - Costs for engineering 
design, development of specifications, dredging, transporta
tion, treatment, intertidal habitat replacement, and disposal. 

■ Operation and maintenance - O&M costs associated with all 
post-disposal onsite activities, including monitoring. 
Engineering site inspections of containment structures, 
erosion control, drainage, repairs, and landscape upkeep are 
all aspects of O&M. The latter category includes refertili
zation, mowing, and general maintenance of site vegetation. 

Monitoring activities are designed for both short- and long-term 
survei 11 ance of containment structure or cap performance. In practice, 
activities should begin just prior to the disposal operation and remain 
intense for the first year, tapering off over the course of an assumed 30-yr 
program. In this manner, failure to initially contain sediment contaminants 
can be detected immediately. In addition, frequent monitoring after 
completion of the remedial action allows an assessment of the rate and 
extent of contaminant migration that can be expected to occur over the long 
term. Assuming that initial monitoring efforts confirm predicted rates of 
contaminant migration based on preimplementation bench-scale tests and 
modeling studies, it is reasonable to assume that the sampling frequency can 
be reduced over time. The lack of contaminant releases within approximately 
1 yr of sediment disposal indicates that the level of monitoring can be 

reduced. 

Cost estimates for specific items within each category were normalized 
to 1988, using an annual inflation rate of 6 percent. For yearly costs 
associated with monitoring, operation, and maintenance, the present worth 
was calculated using a 10 percent interest rate. A discussion of the 
estimation metho~, assumptions, and information sources used is presented in 
Appendix D of Tetra Tech (1988). 
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SELECTION OF PREFERRED ALTERNATIVES 

The definition and selection of a preferred remedial alternative for 
the two high priority problem areas in the Elliott Bay study area is 
provided in Section 7.0. The selection of a preferred remedial alternative 
is based on the following characteristics: 

■ Protection of human health and the environment 

■ Attainment of federal and state public health and environment 
requirements 

■ Cost-effectiveness 

■ Use of permanent solutions and alternative treatment or 
recovery technologies to the maximum extent practicable. 

Treatment is defined as those activities that permanently and significantly 
reduce the toxicity, mobility, or volume of the hazardous substances. 
Selection of permanent remedies that have not yet been implemented under 
similar circumstances are authorized under the law. It is further stated in 
SARA that remedies requiring offsite transport of untreated contaminant 
materials should be the least favored action where practicable treatment 
technologies are available. 

The following process was used to identify the preferred alternative in 
each problem area. First effectiveness and implementability of candidate 
alternatives were summarized. Results are shown in Section 6.0 as oversized 
narrative tables. Next, the candidate alternatives were compared with one 
another. Results are shown as "evaluation summary" tables, with ratings of 
high, moderate or low in the eight major evaluation criteria. The rationale 
and method followed when assigning ratings are described below. The 
preferred alternatives were identified from these summary tables. This 
approach was developed to select one preferred remedial alternative with the 
broadest applicability for each of the Elliott Bay problem areas selected 

C-24 

DUW 80036929 
BVL 

B-DUW2-2073402 



for assessment, but the process is complicated by the variable nature of 
both the contaminants and the environmental and operational features within 
the problem areas. For this reason a brief review and sensitivity analysis 
was conducted to identify other alternatives that may be suitable for 
sediments contaminated by a particular class of compounds (e.g., inorganic 
contaminants) or located within a specific environmental setting (e.g., 
intertidal areas). A discussion of this analysis is presented for each 
problem area, following description of the preferred alternative. 

Short-Term Protectiveness 

Community, worker, and environmental protection during implementation 
of the candidate alternative are evaluated under the short-term protective
ness criterion. 

A candidate alternative rates high for short-term protectiveness if 
minimal risks to workers and the community during implementation are 
expected. Community exposure risks are expected to be low, as site controls 
can be readily implemented for all alternatives to minimize potential 
contact with contaminated dredge materi a 1 . Worker exposure potent i a 1 is 
lowest for alternatives in which contaminated sediments are left in place. 
Alternatives involving dredging increase worker exposure risks, but process 
controls, available personal protective equipment, and the relatively low 
level of hazard associated with COM contact preserves a high rating for this 
aspect of an alternative. Environmental protection during implementation is 
highest when sensitive resource areas are not damaged or destroyed by the 
alternative. Environmental controls exist for most alternatives (e.g., silt 
curtains for dredging, emissions controls for incineration). However, 
short-term impacts are expected for loss of habitat due to dredging, 
capping, or disposal operations. 

Moderate ratings were assigned to candidate alternatives involving 
effective remediation technologies with an increased potential for some 
adverse impacts, but where engineering and safety controls are feasible. In 
this case, a moderate to high risk of exposure to workers may be anticipated, 
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but safety controls are adequate to significantly reduce the exposure 
potential. Process-related risks associated with treatment alternatives 
prolong exposure potential, and therefore generally reduce the short-term 
protect i v_eness rating. A moderate rating was al so given to an effective 
technology that poses moderate risk to a low sensitivity environment and 
that involves risk control methods which are difficult or costly to 
implement. 

Candidate sediment remedial alternatives received low ratings if they 
off er only mi nor over a 11 benefits, with high probability of producing, or 
allowing significant environmental impacts, and where engineering and safety 
controls are not feasible. This rating was also assigned to candidate 
alternatives that pose a high risk to sensitive environments or populations, 
with inadequate mitigative controls or monitoring capabilities. 

Timeliness 

The comparison of the candidate alternatives for timeliness is based on 
their ability to mitigate observed biological impacts rapidly without 
compromising the integrity of the various process options. The time 
required to consider agency comments on all components of the remediation 
system, including treatment, storage, and disposal facilities was considered. 
In all cases, source control measures were assumed to be implemented rapidly 
and effectively to facilitate subsequent implementation of sediment 
remediation. 

A high rating was assigned to alternatives that can be completed within 
1-2 yr of implementation of adequate source controls. These alternatives 
would have to rely on currently available equipment and facilities, w_ith 
minimal bench-scale or pilot testing required. Alternatives that produce 
immediate·environmental benefits were also rated high. 

Moderate ratings were assigned to candidate alternatives that can be 
implemented within 2-5 yr following implementation of adequate source 
control. These alternatives would generally require some testing and 
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development of technologies because there has been little or no field 
application to date. Alternatives that must be modified because the 
sediments are of marine origin or that require lengthy review times for any 
aspect of_ the technology were also rated moderate. 

Low ratings for timeliness were assigned to candidate alternatives 
that require greater than 5 yr to implement and complete. Included in this 
category are alternatives that require substantial treatability testing or 
where significant delays in development may be expected (e.g., determination 
of treatment feasibility, siting of a land treatment facility). 

Long-Term Protectiveness 

The comparison of candidate alternatives in terms of long-term protec
tiveness is based on their effectiveness in permanently mitigating the 
observed adverse biological impacts the sediment contaminants in Elliott 
Bay. Reliability, long-term risks and benefits, uncertainties remaining 
after implementation of the alternative environments or populations at risk, 
and the effectiveness of monitoring following remediation were all con
side red. Included in the comparison of 1 ong-term protectiveness are the 
criteria for reviewing future exposure potentials, reliability, and public 
health and environmental protection. 

The candidate alternatives that rate high afford a high degree of post
remediation reliability and security and allow monitoring to be readily 
implemented. System failures will be detectable long before publi~ health 
or environmental impacts occur. High ratings were also assigned to 
facilities that would cause minimal adverse impacts if any critical component 
failed, and to alternatives that permanently reduce public health and 
environmental risks. 

Moderate ratings were given to alternatives that present a higher 
potential for future exposure, yet are readily monitored or amenable to 
engineering controls. This rating also applies to alternatives that are 
less reliable, yet present minimal risk of adverse impacts from system 
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failures. Moderate ratings were assigned to alternatives that remove or 
isolate contaminants with minimal on- or offsite risks. 

Low ratings for long-term protectiveness were assigned to alternatives 
involving significant risks after remediation. For alternatives with a high 
degree of uncertainty and where significant adverse public health or 
environmental impacts would be expected from system failures, low ratings 
were applied. Alternatives involving a high potential for future exposure, 
or a great uncertainty concerning monitoring, or contaminant fate and 
transport also received a low rating. 

Reductions in Contaminant Toxicity, Mobility, or Volume 

The comparison of candidate sediment remedial alternatives in terms of 
reductions in toxicity, mobility, or volume focuses on the extent to which 
an alternative results in the permanent destruction or detoxification of 
sediment contaminants. The permanent treatment of waste contaminants 
affords a higher level of overall effectiveness than does isolation (Porter 
1987). 

High ratings for reductions in contaminant toxicity, mobility, or 
volume were assigned to alternatives that result in significant and irrever
sible reductions with minimal residual material. High ratings were also 
assigned to alternatives that may be less effective in reducing overall 
residual mass yet generate residual materials that can be classified as 
nonhazardous waste. 

Moderate ratings are applicable to alternatives that provide some 
degree of reduction in toxicity, mobility, or volume. This rating was 
app 1 i ed to a 1 tern at i ves incorporating treatment tech no 1 ogi es that generate 
significant quantities of less hazardous waste. 

Low ratings apply to alternatives that lack a treatment element. All 
capping and dredge/disposal alternatives rank low because they isolate 
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contaminated sediments without substantially affecting the contaminants 
themselves, although mobility is physically limited. 

Technical Feasibility 

Technical feasibility is based on implementability and the reliability 
of the process options that make up each alternative, as judged by past 
performance in similar applications, the importance of long-term O&M to 
success of the system, and the effectiveness of monitoring systems in 
tracking performance. 

High ratings for technical feasibility were applied to alternatives that 
can be implemented with little bench- or pilot-scale testing and that 
incorporate highly reliable, proven procedures. High ratings are also 
applicable to alternatives that require minimal O&M or where O&M procedures 
are well established, effective, and not absolutely essential to the ongoing 
performance of the treatment or i so 1 at ion process. For those alternatives 
where performance monitoring is focused and allows early detection of system 
failures, high ratings were also given. 

Moderate ratings for technical feasibility are applicable to alterna
tives that appear to be technically feasible, yet require extensive testing 
or development prior to implementation. Moderate ratings were also applied 
to alternatives that require more extensive, routine maintenance using 
proven procedures. Where monitoring requirements are more extensive but the 
systems are estimated to be effective in detecting performance problems, 
moderate ratings are also appropriate. 

Low ratings for technical feasibility apply to alternatives that 
involve highly uncertain implementability or technologies that are signifi
cantly constrain~d by site conditions. Low ratings were given to alterna
tives that require extensive O&M following remediation, and where intensive 
O&M is critical to system success. Where monitoring needs are extensive but 
not necessarily effective in detecting failures prior to the onset of public 
health or environmental impacts, low ratings were also assigned. 
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Institutional Feasibility 

Inst_itutional feasibility is based on the ability of alternatives to 

adequately address all applicable or relevant and appropriate regulations 
and other non-promulgated agency guidelines, advisories, and pol icy that 

require consideration. The comparison of alternatives includes an assessment 
of the likelihood that ARARs can be met and that other guidelines and 

criteria can be favorably addressed. 

High ratings for institutional feasibility were applied to alternatives 

that comply with all ARARs as well as all relevant guidance and policy. 
Alternatives that are flexible in terms of timing and that incorporate 
components likely to be approved by the regulatory agencies were also rated 
high. 

Moderate ratings app 1 y to alternatives that meet ARARs and meet the 
intent of most relevant guidance. Moderate ratings also apply to alterna

tives likely to receive agency acceptance, albeit through negotiations. 

Low ratings apply to alternatives that do not comply with ARARs and 

present problems with respect to agency policy and guidance that is probably 

non resolvable. 

Availability 

Availability is based on the accessibility of necessary equipment, 

specialized expertise, and disposal facilities. The highest ratings for 

availability were assigned to alternatives that use existing and readily 

accessible materials, facilities, and personnel. A high rating was also 

applied to alter:-natives that can use existing facilities to accommodate 

treated or altered contaminated sediments. 

Moderate ratings were applied to alternatives involving technologies 
that are regarded as feasible but require adaptation to the site-specific 
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conditions. This rating applies to alternatives incorporating technologies 
that require bench-scale or treatability testing to define design parameters. 

Low ratings were applied to alternatives that rely totally on unproven 
technologies;_ on technologies that require personnel and equipment not 
currently available in the project area; or on the use of disposal or 
treatment facilities not currently available or planned, or that appear to 
entail a high degree of uncertainty in their development. 

Cost 

The comparative evaluation of cost-effectiveness among alternatives can 
only be conducted following the evaluation of the effectiveness and 
implementability factors. This process allows the overall effectiveness of 
each alternative to be assessed, based on the objectives for the Elliott Bay 
action program. These objectives include mitigation of observed biological 
impacts and long term protection of the environment and the public health. 
Evaluation of cost-effectiveness can then be made after a final alternative 
candidate (or candidates) has been selected which offers the best balance of 
predicted results. In conducting a cost comparison of final candidates, 
consideration must be given to the statutory goal of permanently and 
significantly reducing contaminant toxicity, mobility, or volume, because 
alternatives which involve feasible permanent solutions generally require 
additional capital funds for implementation. 
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METHOD FOR ESTIMATING COSTS 
ELLIOTT BAY EVALUATION OF SEDIMENT REMEDIAL ALTERNATIVES 

Detailed cost estimates were prepared for each of the alternatives 
developed for remediation of Elliott Bay problem areas. These costs were 
adapted from the Commencement Bay Feasibility Study Draft Report (Tetra 
Tech 1988a). Materials and construction costs from historic sources were 
adjusted to 1988 values using a 4 percent inflationary factor. The following 
discussion concerns development of unit costs used in estimating overall 
project costs. The discussion is organized chronologically from initiation 
of the sediment refinement sampling program, dredging operations, treatment 
(where appropriate), intertidal mitigation, to disposal and subsequent 
monitoring. Table D-14 itemizes the unit costs for remedial technologies. 
All unit costs have been translated into dollar/yd3 of sediment treated or 
disposed, except for the in situ capping alternative, which is estimated at 
dollar/yd2 of contaminated sediment. 

Sampling programs required to refine sediment volumes prior to 
remediation comply with the sampling requirements for dredged material 
disposal assessments recommended by U.S. Army Corps of Engineers (1988). 
Assuming that all sediments rank high in chemical concentrations, the core 
sample and frequency of chemical analyses recommended was one for every 
4,000 yd3 for sediments above 4-ft depth. Sediment core costs, including 
boat and crew time, are approximately $1,500 per core for 10-50 cores in a 
sampling event. Chemical analysis costs will vary with each problem area. 
However, a cost of $1,200 per sample for chemical analysis was estimated. 

For ~redging operations, hydraulic dredges with the cutterhead option 
and mechanical dredges with clamshell bucket were selected. Operating costs 
for the 500 yd3/h cutterhead, including the hydraulic transport of dredge 
slurry for 2 mi by pipeline, was estimated to be $1.50/yd3. Costs for using 
an additional pipeline booster to transfer sediments to an upland disposal 
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site were approximately $0.50/yd3. The 200 yd3/h clamshell dredge operating 

costs were estimated to be $1.25/yd3, which does not include transporting the 
dredge spoils to the disposal site. Barge transport costs for hauling 
sediment ~ere estimated at $0.50/yd3 for up to 5 mi transport (Morris, J., 

18 November 1987, personal communication). Truck transport costs for 2 mi 
round trip at 2 loads/h were estimated at $2.0l/yd3 (Means 1988). 

The treatment options specifically considered for sediment remedial 

alternatives were incineration, solvent extraction, biological land 

treatment, solidification, and chemical clarification of dredge water at 
nearshore and upland disposal sites. The low heating value of sediments 

transl ates into high thermal treatment costs. Thermal treatment costs for 
contaminated soils range from $150 to $500 per ton depending on the types of 

contaminants and heating value of the contaminated materi a 1. The cost 
includes site preparation, labor, equipment, utilities, mobilization, 

decontamination and demobilization. Assuming the operating cost of 
approximately $220/ton for a mobile rotary kiln incineration unit (U.S. EPA 
1986), exclusive of mobilization and demobilization costs, and a sediment 
density of 1.35 ton/yd3, the unit incineration costs were estimated to be 
$300/yd3. A 10 percent mark up cost was applied for mobilization and 

demobilization for all remedial activities. 

The unit cost for solvent extraction is estimated to be $120/yd3 

(Austin, D., 22 January 1988, personal communication). For the land 
treatment option, a $100,000 treatabil ity study was assumed. It was al so 

assumed that a single 1 ft thick application of dredged sediment would be 
made. Costs for solidification were estimated to be $25/yd3 of dredged 

sediment, assuming the solidification agent would be a cement/pozzolanic 

material (Conner, J., 18 November 1987, personal communication). Chemical 

clarification of hydraulically dredged sediment because of the low solids 

content was assumed. Chemical clarification operating costs were estimated 

at $0.35/yd3 for hydraulically dredged sediment (Schroeder, P., 18 November 

1987 personal communication). Construction costs for clarification were 

assumed to be 25 percent of settling basin construction costs, which 
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accounts for an additional berm for the secondary settling basin (Schroeder 
1983) and associated chemical addition equipment. 

The major cost items for confined aquatic, nearshore, and upland 
disposal are associated with site acquisition, dike and berm construction, 
and installation of liner and cap materials. Costs for these confined 
structure components depends on assumed fi 11 depths. For the purposes of 
this evaluation, upland, nearshore, and confined aquatic disposal fill 
depths were assumed to be 15, 30, and 15 ft, respectively. The value of land 
for upland and nearshore disposal sites were estimated to be $25,000/ac and 
$43,000/ac, respectively (Rockey, M., 11 August 1987, personal communica
tion). The costs for dike and weir construction were estimated by averaging 
costs for all potential sites presented in Table 5-4 of Phillips et al. 
(1985). Three foot liner depths were assumed for upland sites. In the 
absence of treatment, nearshore sites were assumed to contain a soil/ben
tonite cap ($4.20/yd3) without liner. Upland sites were assumed to contain 
a clay over dual synthetic 1 i ners comp 1 ete with underdra in systems for 
leachate collection ($15.64/yd3). For the solidification alternative, a 
3-ft clay cap ($4.20/yd3} and a 3-ft clay liner ($4.20/yd3) with underdrains 
($0.12/yd3} was proposed for draining purposes. For solvent extraction and 
thermal treatment alternatives, a 1-ft clay liner ($1.40/yd3) was assumed 
and a 3-ft clay cap was assumed for the disposal facility. Cap depths of 
3 ft were assumed for upland and nearshore, and a 6-ft cap was assumed for 
in situ capping. Material and installation costs for synthetic liners and 
caps were estimated from data provided by Phillips et al. (1985). 

Intertidal habitat mitigation was assumed to be performed by clamshell 
dredging. Clean sediment was assumed to replace lost intertidal habitat on 
a volume per volume basis. 

Operation and maintenance costs for upland and nearshore confinement 
options were assumed to consist of inspections, erosion control, repairs and 
maintenance of site vegetation. Costs for these items in addition to 
revegetation of the confinement area following completion of disposal 
operations were estimated from data provide by U.S. EPA (1985) Present 
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worth of operation and maintenance costs were estimated with a 10 percent 
discount for 30 yr for all alternatives. 

Moni~oring programs will last from 5 to 30 yr depending on remedial 
alternatives. For open-water sites (i.e., in situ capping and confined 
aquatic disposal), it was assumed that one sample station per acre would be 
established with a maximum of 30 stations. For each sampling station, one 
core with three samples would be obtained for depth resolution. For 
treatment alternatives, annual sampling was assumed for the first 5 yr. In 
the absence of treatment, semiannual sampling was assumed to occur for the 
first 5 yr, followed by biannual sampling for years 6 to 30. Upland, 
nearshore, and land treatment options will use monitoring wells. For non
treated sediment disposal, one well per 25,000 yd3 of sediment was assumed, 
with a maximum of 15 and a minimum of six wells per site. For disposal of 
treated sediments, a total of six monitoring wells will be installed up and 
downgradient of the site for leachate collection. A base cost of $1,200 per 
sample was assumed for chemical analysis. 
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Total Alterrrative Costs 

0-5 

~::c ,,.,,.~---------

$7'J, 725 
$169,740 

$141,450 

$76,E 

$488,0llll 

DUW 80036942 
BVL 
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~r.; t::~; r.e Stat: ::;r.s 

Core kcuisitior. 

(Annual samo! ir,q fc~ 3G y~) 

CCET ~ 

:2~::-- ( v1:) 

A~ ea { vd2 ~ 37:::: 

stat i ::n/10 ac~e 
:ore/station $1,500 /co~e 
samii ! e/Stat i c:i $1,200 / samii i e at Denrw Wav 

$1,200 /salllP!e at N. Harbor Island 

$15,0!ll /year 

Contin;ie!'IC'I (Z!Jl) 

0resent lath ct WI (101. Disc0.int, ll Yrl 

Total Alternative Costs 

$,000 

8 
$113,160 
$271,594 

$141,4&1 

$82,607 

DUW 80036943 
BVL 

B-DUW2-2073416 



:a?r.::,; : :-~ =·::ram 
=~=: ,e"t ::~e (:ne :e~ I., :c~ vc:3) 
~~eTi:a: Aia!vsis (c!"!e ~e~ 4.,aoc vc'3) 

. . ,,. . . ~-s: 4;:.,; ·.ac~ 1 ~ci 

: .. ~~ee o~e~at: ~c; C:s: { b •t :ai:i) 

BarQ@ :ransocrt (u: t: 5 m' iesl 

Swbt::tal 
C:int:nQ@ncv (8) 
"'tbi: :zaticn, 3c~d:~~, !;iswranc:e (101.) 

5.Jbt:ta: 

$:,su: /::~e 
wate~wav :::eoenden~ 

$3.00 Ivel. 
$1. !JO /vr!l. 

J:o~~ { v:) 

~!"ea { Yd2} 

V::~me (v::'3) 

◄ -

7""'~,. 

zz:~c 

$66,00C 

$660,000 
$220,00C 

$1,C28,SCT! 
SZS,?OC 
$102,ffi!l 

Sl,337,CSO 
$200,5:xl 

Tota! initial C~sts $1,Sl3,000 

5; te ,-,a i nte~nc:e ( 30 vr) 

~ber cf mcnit::irin11 stations 

C:re Accuisition 
Chemical analvsis 

1 core/station 
3 sa111les/statia 

:iem i ·aniu 11 v fol' .,.. 1 to 5 
:verv t.ic vears f1I, YIII' b to ll 

$0.10 lvcl.lvr $207,4bll 

1 station/acre Ill maximum) 30 

$1,500 /core $472,9'50 
$1,200 /5a11Ple at Dennv lJav $1,135, □aJ 

Sl,200 /samole at N. f-arbor Island 

Ctintinqency (211) 00,098 

Present \ibrth ct CV! Cast (1□,; Oisc:a.Jnt, ll Years) 52,179,!Dl 
C(ET 9.l11'RY 

"'atal Alternative Costs $3,717,000 

D-7 
DUW 80036944 
BVL 

B-DUW2-2073417 



=e::;.e~': :::-g ~:re :e~ 4,::: v:3) 
:~e~':a! ~na!vsis (one cer 4,G'~~ v::3) 

Ci amshe ! ! Dredqe Cacc i nq K.ter i a: s 
"'·a~sccrt ::f ~ (~c to 5 mi) 
Transccrt ct Caccin~ K.terials 

Subtotal 
Centi nC!encY (2!]1,) 

¥cl::: :zat:~, 3cndir.q, Insurance (1C,:l 

:i.Jbtcta: 
Ocministrati:m, E:'\qi~eerinq (151.l 

Costs ($) 

ar22 {v:'2} 

V: \;:r.e ( Y'.:3~ 

;: ,:CC /::r-a 
111ater111av decendeit 

;1.:S /ve3 
$0.c !v-!3 
$0.50 /y,!J 
$0.lJ /vr:.'3 

Total Initial Costs 

Ct/'l C!ETS - Present l.klrth 

5 i te :na : ~tenance ( 30 vrs) 

~r ct IIIC!litori~ stations 

${].{B /vtf3/vr 

1 station/acre (30 Maximum) 

Core AcQJisiticn 
Chell i ca I ana I vs iS-

1 core/station Sl,S!Il /core 
3 sasles/statio $1,200 /samole at Oennv Wav 

$1,2llll /sa11111le at N. !-Jar=cr !sland 
5em i-anrua I sail in,.- tar Yr 1-5 
3i-anl'UII saml i1111 tar Yr b--ll 

CCST ~ 

Cmitinciercv (2ml 

Present l.klrth ct WI Casts 
( 1~ Di Sc:!llnt, 30 vr ) 

Total Alternative Costs 

D-8 

!:8'.2151i0 
Sbb,Q~ 

$275,(m 

$55,0!Y.: 
$110,000 
$22, [](]!: 

tio10,:il0 
$122,100 
tiol,CSJ 

$793,6:A'.! 
$119,048 

$913,0CC 

$1b5,9~ 

30 

$47Z,9Sl 
$1,1:E,IBO 

W,fDI 

$2,129,000 

53,042,[l[I] 

DUW 80036945 
BVL 

B-DUW2-2073418 



'J. War:cr 
is :anc 

A~ea ( vd2! mcsr 
:1:: ~-::.e ( v:3} ;1:c:: 

.... '. ~ 

:ia~= · : ,c ··::~ra~ 
:ed:::ier.t C:~e (:~e ~er 4,8C□ vc:3) 
Criemica! Anaivsis (cne m 4,QOC vd3) 

C' a:nshe i I Qredce/0.,en-.uater Gil 
C'a11shei: Jrecce ~f 01 
Ci amshe i i Drecice Caoo inc ~ter I a! s 
"·ars~crt :f ~ b t:: 5 ::ii) 
Transocrt at Caooinc Materials 

Si,;btctal 
Contin~encv (2!1) 

"'Dbi l :zaticn, 9ondir,,;, Insurance (1!11) 

5.Jbtcta 1 

Adm i:, i strat: on, :nq i neer i nq ( 157.) 

u~': 
::s~s ($) 

$1,5~ /::~e 
water111av deoencier.t 

$1.25 /vci3 
SJ.25 /y~] 

$0.50 /vd3 
$0.10 /vd3 

Total Initial Costs 

W1 CCSTS - Present 1.1:lrth 

S: t!! ?Da i nt!!l'.ante ( 30 vrs ) $0.[E /va:,/vr 

~r ct 110nitaril'll:1 stations 1 station/acre (30 MaxiM) 

::st ($) 

$139,:il□ 

$ll1,6u~ 

$462,500 
$9'2,SOQ 

$1!:!5,000 
$37,000 

$1,028,100 
S21J5,620 
SlCTZ,810 

$1,336,Sll 
$200,400 

$1,537,000 

rm,120 

30 

C::re fcQJisitian 
Chelical analvtif 

1 ccre/staticn $1,500 /core $472,ir:ll 
3 s.les/statio S1,21JO /sal'lllle at Dennv Yav S1,1l5,000 

S1,2!!l /samPle at N. Hirbor Island 
Semi-anul saalin, tor vr 1-5 
8i-anru1I saPI il!IJ tar vr b-ll 

Ct'6T 9Jffl(Y 

Centi nqercy (2!1) 

Present 1.1:lrth at W1 Ccsts 
(l[i,; Discamt, ll vrl 

Total Alterrative Costs 

D-9 

$JT7,4'JZ. 

$2,265,000 

$3,&JZ,000 

DUW 80036946 
BVL 
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:·:e ~•g~ara~:=~ (::1. Si~= ac:i.;i;!f:~) 
Sam=' : i'la ::: .. :~!"air 

:::::'.:le:-:t C::-: {::-9 .,er 4,::: vC::) $!,SC~ /::re 
C~em •:a' Ana! YS; s ( c~e oe• :::re) waterway deoe~de~: 

:·a~she'' Qre~ce/'learshcre J's,c:sai 

C!amshe! ! Qredcie 
3ar:e -:-ra~SPOrt (i;i, to 5 :,ii !es) 
C!amshe 1 ! err. C/acemer.t 
C";e!!l:ca ! c:ar: •:::ti !:r: 
Ca; ? ! a:emen: 
:::s.;re/Vecietation 
l:,tertidal mitiqati::r: 

"'or.:t:r'~= ;oei :5 

Subtota: 
C:~t:~cer.cv (Bo) 

11cbi i izaticr., 3cr.dinq, Insurance (101.l 

:iitotai 
Administration, Enciineerinci (1S,:l 

$C,7Q /v,:.'3 

$C.!8 /vd3 
$1.25 /y,Jj 

$0,:D /yd3 
SUS /yd3 
$0.~ /vd3 
$2.10 /vd3 
$0.!C /vc3 
$1. ?5 /va2. 

$2,0D!l /wel I 

·Jtal Initial Costs 

001 CCST'S - Present l.brtr 

$(].00 /vd3/vr 

~e=:~ ( YC! 
~'"g:~ v:2} 

V:: :.:~e ( v:3, 
>:~·:':a' 
a:-ea ( v:1~ 

Site :naintenance (31l vrsl 

~ber ot monitori~ 11111 !s 
C:,em analvsis 1 SilD/1111 I 

1 we! 1/2:ml Yd3 (15 rtx, 6 "1ir.l 
S1,2!JO /sa10le at Dennv Wav 
51,200 /sa111Ple at N. Harbor Island 

Sem i -anrx.ia I sa111 I i ~ tor vr 1-5 
Annua I sa!IIP I i 1'l'l fer Yr 6-30 

Cent i n«iencY ( 201.) 

Present l.brth 001 Costs 
(101. Discount, 3ll Yr) 

T~ta! Alterrative Ccsts 

0-10 

22:JG: 
~:~ 

$!95,E 
$19,545 

;.sz,Si:ll 
Sbb,~~c 

$154,::: 
$38,SC!l 

$Zi'5,00Q 
$1!D,!JD!J 
$215,CCC 
W,wCO 

$4b2,00C 
$22,0Dll 
Sli4, i15C! 
$19,DCT; 

$1,826, 75C 
$365,E 
$192,6?5 

$2,374,775 
$356,216 

$2,731,000 

$165,9b9 

9 
5113,S!E 

E,ffi'S 

$3 I !J66 I 00(] 

DUW 80036947 
BVL 
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~• ea ( vc:2) 3712~□: 

·.;:' .-:::e ( v::2) !71::~~ 

·~~' ~ a~ea ( v&l 
IN:".'lfi. C~ Casts ($l 

::~E Acct.:'.sl~::::~ !~~ ;! ;::•, $6.31:Dc lac.r-g 
s:te ?~e~~a:::n (101. Site kQt.;is:t:c~l 
:amP: : ·= =·::ram 

:ec:~er.t Cor2 {:::!~e ,e?' ~,DQD Yci3) 

C~e!lli:al .~na;vsis (cr.e cer :ore) 
: : amshe i i Jrec:=e/Nearshcre ~: s~osa I 

Dike and berm c:onstruc:ti:r. 
Clamsnel: Qre~=e 
Barc;e Transocrt (~ tc S mi !es) 
Clamsnel I C!l1 Plament 
Cao P I ac:ement 
CI osure/Ve«ietat ion 
Intertidai 11iti~tion 

~niter inc; Wei !s 

Subtotal 
C:nt:~=e~.c:v (201.) 

r-'cbi ! ization, Scm:in=, Insurance (10Xl 

Subtotal 
~ministration, E~ineerinc; (157.) 

$l,5t;1l /c:-:.re 
waterway decender.t 

$0 , 7!l / vd3 
$1.ZS /yd3 
$0,50 /vd3 
$1,25 /yr£ 
$2.10 /vd3 
$0.10 /vo3 
$1. ?5 /vd2 

$2,000 /wel I 

TJta! Initial Costs 

CU1 CCSTS - Present t.brth 

5 i te ma i ntenarce ( ll yrs ) SIJ.[E /vr£/yr 

t-Lmber ct oitari119 1111 Is 
~em analvsis · . 1 SHP/111el I 

1111el 1/alll Yd3 (15 Max, 6 Min) 
$1,200 /samPle at Oenr.11 lil;iy 
Sl,21!l /sa111le at N. Harbor Island 

Semi-anru1l 911Dlin, tar Yr 1-5 
Annua I saai, I i ~ far \II' _b-ll 

Cent l ~ (z□l) 

Present t.brth CU1 Costs 
(1~ Disc:cunt, ll Yr l 

CCST ~ 
Total Alternative Costs 

D-11 

C:st ($l 

$3'28, 7~9 
$3'2,872 

$139,SCD 
$11l,60C 

$259,00C 
$462,500 
Slffi,000 
$462,500 
$777,000 
$37,000 

$100,500 
GJ,000 

$2,934,191 
$5%,8:8 
$293,419 

53,814,448 
· $572,167 

S4,E,OOO 

$279,128 

15 
Sl~1lfil 

$93,662 

$562,000 

S4,949,IID 

DUW 80036948 
BVL 
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C~em: :a I A~ :vs: s (:~e ,e~ :::·~ l 
:·a~s~e: · S•e:ce/!..',:ar.c J:s;:::sai 

,.., . ,, ' .. 
... ar.1sl"'e: ' ::"~~c ! :-:c 

Se:: :!le:-:~ ~e~ar:: '. : ~= 
:cr:e :~a~s;:::r, b t: 5 :n i ) 

~: ~e~->= ·a=e :am:/Srave ! ( 1 •t I aver l 
L.: ner-?r i marv Underdra: n Svsten: 
~:~er-:v,t~eti: L.:r.er (30 i: ! 9utvi/E?Jll 
L.:ner-Leac:hate Col !e:t:or. Svster.: 
'-'~er-SV,-:~et:: Lir.er (30 ii! 9utv!/sal!) 
L.iner-Clav Sctt:m :.:,er 
:aii-:~Psci I Ver.etative Laver (2 h) 
Ca:-Jra::,aQe Sand/Gravel (1 ft layer) 
:a~,t~et:: ~i,er (30 :ni ! 3utY!/E?l'l) 
Cap-(laY Primary Liner (3 hl 
:reCQe Water c:arifi:aticn 
Reve .. etat ion 
:n-:ertidal 111it:~t!on 

~,it:rinQ Wei 1s 

S,;bt:ta! 
Conti n .. enc:Y (2'J1.! 
llobi: izat:on, 3ondinc;, !:".Swraiu (10X) 

&Jbtota 1 

Oc.n:nistraticn, Enqineerinq (151) 

::s:s ($) 

$1,:GD /::re 
Waterway Decendent 

$!.25 /vc3 
$1.0C Ive!, 
$Q.5!J lvc'3 
$2.01 /ye}, 

$0.35 /vc3 
$C.C9 /vr!J 
$0.:ll /vc3 
$0.12 /vc'3 
$1.00 /y{!, 

$0.12 /y,J3 

$1.00 /v'J3 
$4. 20 / v{!. 

$2. 40 / v{!. 

$0,00 /y'J3 
$1.00 lr:!i 
$4. 20 / v{!. 

$0. 20 / v{!. 

${J, 20 / Y'J:J 
$1.15 /vru 

$2,000 /we!! 

Total Initial Costs 
W'! CCSTS - Present lath 

Sl.16 /v'J3/yr 

Je~t~ { v~~ 
~r?: ! v:2) 
V:: ~-me { v~3) 

Si te :na i ntenance ( ll vr l · 
~r cf monitorinc:1 wells 

1 samc:,/wel I 
1 wel 1/cilll vtS3 (15 lliX1 6 min) 

$1,200 /sasle at DennY Wav 
S1,21Jl /sasle at N. rarbor Island 

Semi-annual sasi inc:1 for Yr 1-5 
9 i-anrn.s I sa1111 I i nc; yr 6-ll 

CC€:~ 

ContiMe!'ICY (ZJ,;) 

Present i.brth of CUI C:ists 
(!~ Discount, 30 vrl 

.,.:ta! Alternative Costs 
0-12 

~ 
zz:~ 

$'l!7,'!T: 
$22,7[1 

:eZ,S~ 
$6b,:J~ 

ms.~::: 
m::,::~ 
!110,0CD 
$442,Z:C 
$77,C:O 
$19,~C 

$176,0CO 
$2b,4CC 

$22!l, 00[! 

$2b,4CC 
$22!l,DOIJ 
$9'24,00C 
$28,0!JO 
$17b,OO!l 
$2'.2!l,OOO 

$1,155,00£! 
$15,400 
$44,0u"!l 

$0 
$18,000 

$5,291,700 
$1,[6S,34G 

$529,170 

$6,879,210 
$1,031, 00'2 
$7,911,000 

$331,9?6 
9 

$113,Sl!l 

$89,009 
e,aoc 

!iA I 44&, ITT! 

ouw 80036949 
BVL 
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Sam0i in= F•~c;ram 
:ed::!le~t ==~~ (:~e ~er 4,000 yci3) 
Chemi:a' Anaiysis (cr.e 0er ~rel 

: : amshe ! ! Crecc:e/i.b 'ar.c: J: s,csa i 
::amshei: ~reci,;inci 
oarqe transwt ( U0 to 5 mi J 

:eci i ment re~.and i : nq 

:ruck trans=c~t (2 :r.:) 

J:ke a~d 8er111 
Ciar'.~i:at!on Unit Ccnst~u:t:::~ 
'-' ~er-Ora i na~e Sand/Grave I ( 1 ft ! ayer) 
Li ner...:r i !llarv Underdra in SySt@m 
~:~er-Svnthetic: Liner (30 mi I Butv!/E?CM) 
Liner-l.eac:hate Col iec:tion Svstem 
Liner-Svnthetic Liner (30 mi I Butvl/E?J!) 
Liner-Clav Bcttom Liner 
CarT:lllSoi I IJeqetative Layer (2 ft) 
Ca~raina!le Sand/Gravel (1 ft laver) 
Ca;i-Svnthetic: Liner (31l :ni ! Butvl/EAl1) 
W-ClaY PriraarY Liner (3 ft) 
Jredc;e Water Clar itication 
Reveqetat ion 
!ntertidal 1Ritiqaticn 

rtnitcrinq Wei Is 

5.Jbtotal 
Centi n~nc:v (:ZOX) 

Mcbi ! izaticn, Bcndinc;, Insurance (1~) 

:llbtctal 
Administration, Enqineerinc; (1Sl) 

$1,500 /c::re 
Waterway De0endent 

$1.25 /yd3 
$(]. so / yd3 
$1.CD /yd3 
$2.01 /yci3 
$0.35 /yd3 
$0.09 /yd3 
$(].Sil /yrJ 

$(112 /vd3 
$1.00 /yd3 
$0.12 /yd3 
$1.00 /yd3 
$4.20 /yd3 
$2.40 /yrJ3 
$0.00 /yd3 
$1.00 /yd3 
$4.ZIJ /Yd3 
$0.20 /Yd3 
$0.20 /Yd3 
$1.13 /Yd3 

$2,000 /wel I 

Death (vdl 
Area (yc'2) 
Vc 1ume (vd3l 

Total Initial Costs 
W1 ((E'S - Present lath 

Site :!laintenarct (]J vr) 

~r otmnitarin9 11111s 
(}em analvsfs 1 SilP/wll 

$0.lb /Yd3/vr 
1 wl 1/?ml Yd3 (15 max, b min) 

Sl,21ll /sa111le at OennY Uav 

N. ~a~::: .. 
:s:and 

37DOCO 
~coo 

::s: ($) 

$392,23: 
~,Z23 

$139,SuD 
$1l:,6CC 

$4b2,SO□ 

$185,000 
$370,0DO 
$743,700 
$129,Six 
$33,300 

$29b,OOO 
$44,40ll 

$370,000 
$44,4..'10 

$370,IJC[) 
$1,554,000 

m,ooo 
$29b,OOO 
$370,000 

$1,942,500 
$25,900 
$74,000 

$0 
GJ,000 

f.8,900, i$ 
$1,700,151 

f.890,075 

S11,571l,981 
S1,735,b47 

S13,ll7,0!]] 

m,a 
15 

$189, 1111 
$1,21]] /sa111le at N. Hlrbor Island 

Sell i-anl'IIS I 5allP I i nc;i for Yr 1-5 
3 i -annua I 5aJIO I i nc; Yr b-ll 

Conti nqem, (:ZOX) 

Present librth ct W1 Costs 
(1~ Discount, ll vrl 

((ET 9.fflWf 
Tota I Alternative Costs 

D-13 

$149,487 
$897,llll 

S14,204,COO 

DUW 80036950 
BVL 
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:ec:: ~e~t C:re ( :::~e ~er 4, QCO vd3 l $1, 5CD / ::r-e 
C~em i ca! Aria I vs is ( one cer :ore) waterway decenden: 

: '. ams~e i I Orecice/So i : dfaat: on/LI:,! ar.d D ! s;icsa ! 
Dike and 3er:n C:instructi~~ ${l.4C /vd3 
~'.ar-'.f::at::~ :.:nit Construction ;2.!~ /vo'3 
Ciamshel I cired~in~ $1.:3 /vd3 
:lar,;e transi>crt ( ui, tc S mi ) 

Truck transi:iort (2 mi ) 
Sed: ment rercnci I i ng 

Liner (3 ft :lav) 
'.Jr.derdra in 
Chemical Clarification 
Sol idificaticn 
Cover (3 ft ciav or soi I) 
~eveqetat i on 

r-bnitorinci Wells 

~total 
Conti~ncv (21J1.) 

rtbi ! izat::~, Sending, Insurance (10,:) 

5.Jbtotal 
~in i strati on, Enr; i neer i nr; ( !51.) 

$0.50 /vo'3 
$2.01 /yd3 
$1.00 /yd3 
$4,20 /vd3 
$0.12 /vd3 
$0.20 /yej 

~-~ /y,£ 
$4.20 /y,£ 
$0.12 /yej 

$2,000 /we! I 

Total Initial Costs 
W1 LN!T CCSTS 

5 i te maintenance (30 Yr l $0.16 /YOJ 

Je,~~ {v~} 

Area (vc2) 22'.::DC~ 
Vo ; wme ( vd3) 221:!~1'" 

::st ($) 

$'l!J,'l73 
$22,7D 

!89,000 
$22,DCO 

$275,000 
S11□,□CO 

$442,200 
$220,000 
$9'24,000 
$26,400 
$44,000 

$5 I SlllJ I OIJO 
$9'24,00C 
$26,400 

$12,000 

fi ,012,Slll 
$1,002, SOil 

$901,250 

$11,716,250 
$l,~7,4ll 

$13,474,000 

$331,936 

6 r-bn i tor i 119 we 
c~e111ical anal 

6 wlls/site 
1 SUDle/wll St,200 /salllllle at Oennv IJav $27,288 

$1,200 ISUDle at N. I-arbor lsland 
Annua I 5a11? I i 119 far 5 YI' 

Conti~ (211) 

Present i.k:Jrth ot W1 Costs 
(10,: Oisccunt, 30 Yr =iaintenance, S Yr 111Cnitorinr;l 

CCST 9..ftViY 
Total Alternative Casts 

D-14 

$71,845 

$431,(D) 

$13,91!5,IDJ 

B-DUW2-2073424 



Samo! '. ric; ?"~~~arr 
:efa:ent :~re be oer 4,0CO vci3) $1,SiJO /:::re 
C~em i ca! ~na: vs is ( one ~e~ :ere l water.av de0encient 

:·amshe;' :.•&~~e/Sol '::faaticr./1..1,iand 9isi:icsa: 
Dike and 3erm Ccr.str:.::ti::r: $1140 /ve3 
::arir:ation Unit C=r.str!.:ct!cn $0.!0 /yri3 
Ci ams~e' ' dred9 in= $:.ZS /vci3 
?.ar~e transocrt ( ~0 :c 5 ii; ) $0. S} /vd3 
Truc:k trar.s~ort (2 m:) 
='~e! ;~e Sccsters (2 ~nits) 
Liner (3 ft :iav) 
~1r:derdrain 
Chemical Clarificatior. 
Soi :dif!:aticn 
CMr (3 tt :!av or soi i) 

~eve<;etat ion 

M.lnitorinci We! is 

Subt::tai 
Cc:it i nc:e~cv (2!]1,) 

"'cbi i izat!on, 3cr.di~q, !~surar.ce (10,:l 

S:.ibtotai 
Ocministraticn, S,c;ineerinc; (157.) 

$2.01 /vd3 
$1.00 /vd3 
$4.20 MJ 
$0.12 /vd3 
W.ZC /vd3 

!a.DO /vd3 
$4.2!J /vd3 
$C.12 /vd3 

$2,000 /111el 1 

Total lni tial Costs 
W1 LNIT COOTS 

Site !!Iii ntenarce Ill vr) $0.16 /vd3 

'I. :.;,.rbcr 
'.s !a~:: 

::,t~ {v:::) 

C.•~a ! v:"2! rr.~~'-
v:' ~:::e ( vc3 l 3r~L~~ 

::st ($) 

$;39,SDO 
$111,bwC 

$148,00C 
$37,000 

$462,:0C 
$1$,00D 
$743, 7!JO 
$,,,<?'J,000 

$1,554,00C 
$44,400 
$74,000 

$9,250,000 
$1,554,000 

$44,400 

$12,000 

SlS,150,555 
$3,0ll,111 
$1,515,(ES 

$19,695, 7Z1 
$2,954,l:6 

$2216:iJ I 00(! 

$5:xl,256 

6 l"on. 1112!1s 
CJ,em ana I vs i s 

6 1111 ls/site 
l sa111le/1jE!I I $1,200 /sa1111le at Der.nv Uav $27,2!!! 

$1,200 /sDlle at N. Harbor Island 
Annua I sas, I i 119 far S 11~ 

Conti nqtl'C'il (2!l1.) 

Present l.brth ot W1 Costs 
(101 Oisccunt, ll vr maintenarce, 5 vr 1110nitorinc;) 

CCST~ 
T:tal Alternative Costs 

0-15 

$117,109 

$703,000 

$23,E,OOD 

DUW 80036952 
BVL 
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Decth (ye:) 

'l. ;.:ar~cr 

!siar.d 

Ar~ ( Yc'2l 37.JOGC 
Vc!i.,;me (yd) ~!!! 

Si !e Ac~~; s : ':: :r ( : : it ~ : ; ~ } 
Si~e ?·::arat'.:~ !::r. S'.~~ Ac.;wisit::n~} 
Sa!!!: i : ~9 ;:,a9ram 

C:s:s ($) 

Sedi:ne~t C:::r2 (c~e ~er 4,2C~ yd3) 51,5:JD /c~re 
Chemica! Anaivsis (one cer 4,000 vd3l waterway decendent 

C'amshel I ~redge/Scivent :xtrac~:on/!Jplard Qis~osal 
Dike and Berm Construction $0.40 /yd3 
C'amshe! I ~redi;e $1.25 /vd3 
8ar9e Transcart (uc to S mi ies) $0.SO /vd3 
Truck Trar.scort (2 ii les) $2. □1 /yd3 
Clamshel ! Unload $1.25 /yrJ 

Soivent ~trar:tion $120 MJ 
Cac (3 ft ciavl $4.20 /yd3 
Liner (1 ft clav) $1.40 /yd3 
Rev~tation $0.12 /vd3 

t-\:Jnitorinq Wei Is 

5Jbtota! 
Continc;encv (ZO,:) 
rtbi I ization, Bondi 119, Insurarce (l□xl 

5-;btctal 
Administration, Engineeri~ (15Xl 

$2,000 /111e! I 

Total Initial Costs 
CU'! C!ETS - Present \ibrth 

Site maintenara (ll Yrl $0 .16 /vd3/yr 

t'tlnitori~ wel Is 
Chesic:al analYSis 

6 111el ls/site 
1 sa111le/wl I Sl,20!l /sa1111le at Oennv IJay 

Sl,21ll /sa111le at N. Hirbor Island 
Anrua I sa111 I i ng for 5 vr 

Conti "'3encY ( W:l 

Present lath ct Wl Costs 
(111 Discount, 5 Yr 1110nitorini;, ll yr maintenarcel 

CCST9.l't'mf 
Total Alternative Costs 

D-17 

C:st ($) 

$392,231 
$:8,223 

$139,SGO 
$111,60C 

S14S,OOC 
$4b2,SOO 
$185,000 
$743,700 
$462,500 

$44,400, ODO 
$1,554,000 

$518,000 
$44,400 

$12,000 

$49,201,655 
$9,840,331 
$4,920,165 

$63,962,151 
$9,594,323 

$73,556, [DJ 

m,a 

6 
$27,Zffi 

5117,109 

$74,259,[D) 

DUW 80036953 
BVL 

B-DUW2-2073426 



TilBLE D-B Hydraulic Dre:ige ~ Calfire:I Pq.iatic Oisp;sal 

Ceath(yd) 
.4ra3 (yd2) 
Volu-:-e (yd3) 

l.kiit 
INITIAL C::STS Co;-,.s ($) 

f~raulic Dre:lge/CAO (Waterway) 

Clamshell Dredge of Cait~inated Saiine $1.25M3 
(1 acre, with site specific depth) 

Transp:irt (2 to 5 mi) and Dis!))Sa1 $0.50 /yd3 
C 1 &'!IS he 11 Dre:lge Clean Sedi mait $1.25 /yd3 
(3. 75 ft cap ORt' 10ft l:ed of CO!) 

Hydrau lie Dredge of Cai~inated riedi ne $1.50 /yd3 
fo 11ai.ed by uider laying c lai sedimaits 
to provide 6 ft cap 

Subtotal 
Caitinge,cy (20\) 
r-tili1izatim, Balding, Insurance (10\) 

Subtotal 
.Adninistratim, Engineering (15') 

Tota 1 Initia 1 Casts 

CM O:GTS - Pres8lt ltrth 

Site n-aintEM'lCe (30 yr) $0.08 /yd3/yr 

tiris' of ll'alita'ing staticns 1 statim/acre (30 M!xinun) 

Ca-a AcQJisitim 1 core/statio $1,500 /r.ae 
Ctsnica 1 n l~is 3 ~les/sta $1,500 /~le at Head Hylebos 

$1,000 /~le at flhlth Hylelns 
Sani-«nia 11y fer year 1 to 5 $1,500 l•le at SitaJn 
Every oo yeal'S for ~ 6 to 30 $800 /SM'P le-.1t St. Pau 1 

$900 /~ le at Middle 
$800 ISM"Ple at flqith City 

$1,500 /~le at Head City 
$1,200 /SM"Ple at \taler~ 
$2,300 /~le at btal-

Pt. Cefiance 

Caitinga,cy ( 20\) 

Pres8lt lirth of CM Costs (5% Oisca.nt, 30 yr) 
COOT~ 

Total Altematiw Costs 

0-18 

~th City 
Target 1C Yrs 

1.00 1.00 
152000 59000 
152000 59000 

Target 10 Yrs 
Ccst ($) Ccsts ($) 

$6,050 $5,050 

$2,420 $2,420 
$2,269 $2,269 

$662,220 $243,720 

$672,959 $254,459 
$134,592 $50,892 
$67,296 $25,446 

$874,846 $330,796 
$131,227 $49,619 

$1,006,000 $380,000 

$186,899 $72,546 

30 14 

$637,650 $297,570 
$1,020,240 $476,112 

$368,958 $169,246 

$2,211,000 $1,015,000 

$3,220,000 $1,395,000 

"'1><. k'"T 
0.00 

" u 

0 

t'ax. A£T 
Ccsts ($) 

$0 

$0 
$0 

$0 

$0 
$0 
$0 

$0 
$0 

$0 

$0 

0 

$0 
$0 

$0 

$0 

$0 

ouw 80036954 
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::-:~~ { v~} 

A•ea -{ v:'2) 
:j:: ·_'!e { v~3} 
T 'r I (v:T -~t! .. 1;.~! 

::sts ($) 

:':e A::~'s':·:· (J: ·: 1 : · 

:'~s :i.goarat':~ ::~ S:t2 Ac:~:slt':~) 
Samo: : ~= =·==~a~ 

:ab:e~: ::~e ::~e ~er 4,0DC vi:3) $1,St;"D /::re 
:~em i :a: Ana; vs; s ( one oer :::re) :.a:e~wav deoe~ce~t 

.;.,.,:ra~ i : : Jrec~e/1.Jears~cre J: SPcsa i 
:'(e a~c: :.:e!r C:~str~c:t:::n 30.~ /vd3 
c.:arifi:a?ioil :iii: Constru:tio~ $0.18 /ydJ 
:~::er~ead Oiieminci C:st $1.SQ /vr!3 
~ioei i ne Bocste~ $0,50 /vi£ 
:~em i c:a i C: ar: fi::at: en $IJ .35 /vi£ 
Ca;, Placement $2, 1□ /vd3 
C' asure/Vecietat i en $0 .l~ /vefi 

intertidal Miticiation $1.75 /yrf3 
'tnitcrinci Wei ls $2,0CO /we! I 

5.Jbtctal 
C::r.t: nciencY (2!J;) 

t'tlbi t ization, i3ondincu Insurance (1(],;) 

S;bt::tal 
Administration, Enciineerinci (15Xl 

~eta! Initial C:sts 

(l.M CCS:5 - Present i.klr~~ 

S: te :r.a i nte~.ance ( 3ll Yr ) $0.CB /yo:i!Yr 

~r of monitorinci wells 
Chemical anal 1 5a1111le/1111I I 

Seml-annuai IY tor Yr 1 to 5 
Annua 11 Y tor YI' 6 ta II 

1 well/2Slllll Yd3 (15 Max, 6 Min) 
51,:a:J /sa111le at fJead HY!ebcs 
$1,0!ll /sa111le at f'tlJth HY!ebcs 
$1,Slll /sa111le at Sitc.a 

ccsrswmr 

Conti nciencv (Zill 

S!IIl /~!Slle at St. Paul 
'100 /5a111le at Middle 
SID] /saaole at t'tluth Citv 

Sl,500 /saaile at read CitY 
Sl,200 /5a111le at lneler OsCIOCd 
12,lD /sasile at Ruston-

Pt. Defiance 

Present liklrth W1 Costs 
(!~ Discount, II Yrl 

~ctal Alter:iative Costs 

D-19 

Ta·=e: 

:sz::::: 
:sz:~~ 

~ 

::;t ($) 

$135,04: 
m,504 

:ss1,:co 
$57,c:= 

$10b,4GO 
$2b,bu'1! 

rnB,000 
$7b,000 
$53,200 

$319,200 
$15,200 

so 
$12,000 

$1,251,145 
$25'.l,229 
$125,115 

$U2b,489 
$243,973 

$1,870,000 

$l1Ub9 

b 
$94,590 

::::~:11 
!: Y'" 

S:3::: 
=-.<CDC 

::sts {$) 

$73, 74(; 
$7,374 

$57,C::8 
$57,o:: 

$5:, 100 
$14,525 

$124,500 
$41,500 
$29,[EQ 

$174,300 
$8,300 

so 
$12,::DO 

$740,ll9 
$146,078 
$74,039 

$%2,SIE 
$144,376 

$1, 107,CDO 

b 
$94,590 

"'ax. 4:.-

:31.::: 
:::L:CC 

C:sts ($) 

$1:9,:15: 
$'.:,9!:S 

$57,CDQ 
$57,:C: 

$93,8CD 
$23,45C 

$?.ll,000 
St.7,00C 
$!.b,900 

S281,4QC 
$13,400 

$C 
$12,i!O 

$1,117, i:,J5 

$223,::81 
$111,-m 

Sl,453,27b 
$217,991 

$1,671,000 

$101,D90 

b 
$94,590 

$41,ffi2 $31,441 $39,136 

$251,(lD $189,llll a,O!JJ 

$2,121,000 $1,296,llll $1,906,000 

DUW 80036955 
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... . . ~ 

:,a;n: . . ~; -~=~:o-a:!' 
:e::~:"'~ :::o-g {:~e :e!" ~,::: v::3) 
C~el!!i :a: A!:a: YS: s {:me ,e~ ::1:-e: 

.:.,,:;~aL;; :: :~e::~e/:.:,:ar.c J's,:sa: 

"I•· ' ... 
.J • <2 3~c :er!!! 
CI ar i f!c:at i en Ur.it Cor.stru::t i or. 
~: ~e~-J~a: :-:aCle Sand/Grave! ( 1 ft ! aver) 
L:ner-?~imarv Ur.ciero~air. Svstem 
~:r.er..;vnt~eti:: ~;r.er (30 :ni: 3wtvi/E?J,1) 
Liner-i..eac!,ate Cal !e::ticr. SYster.: 
~:r.e.-..;v,t~et;: L:r.er (30 :ni ! SutY!/E?':11) 
~:ner-ClaY Bott:Jffl Liner 
:a.:i-bso:: Veqetat:ve Laver (2 ft) 
CaP"{)ra i :1acie Sand/Grave I ( 1 ft I ayer l 
:ac-:vr.t~et:c: Liner (]I :,i I &;tyl/E?J!l 
Ca~iaY Primary Liner (3 ft) 
Jredqe Water C ! ar i ti c:at ion 
ReveQ!ta t : or. 

~r.itorinq iJel Is 

Subtotal 
C::r.t:r.~nc:v (201.l 
t-'obi ! ization, Bondi~, Insurance (1[Jl 

:..;btcta! 
Administration, E~ineeri~ (15%) 

!'. .s,:: /::~e 
Wat2~way De,e.~der.t 

$1. 50 /yc3 
$1.J~ Ive':. 
$0.35 /vr::3 
$0.a9 /yd3 
$C .eo tvc3 
$0.12 /ycj 
$1.00 /yd3 
$!!.12 /yd3 
$1.00 /ve!, 
$4.20 Jve3 
$2.40 /yr::J 
Sll.EO /vd3 
$1.QD /ve3 
$4.20 /vc3 
$0.l5 /Yd3 
$0.20 /Yd3 

$2,000 /wel I 

Total Initial Costs 
ct.M CCSTS - Present l.ibrth 

$0.16 /Yd3/vr 

Jeo~~ (v~, 
Area ( vc2) 
V:' ~me ( vc3) 

Site :na i ntenara Ill YI' l 
N.imber ot monitarilllJ 1111 Is 
c:~em analvsis 1 sa111/i111I I 

1 wl 1/25000 vc3 (15 max, 6 min) 
$1,200 /sama I e 
$1,:!0 /sa11111le 

Semi-annual SUDI ing tor .yr 1-5 
9: -anl'IJil I salll I i nq vr b-ll 

$1,200 /sa110le 

CIE' 9JtW(Y 

Cent i nc;ency (21lll 

Present l.ibrth of W1 Costs 
(l!ll Oisc:llJnt, 30 vrl 

Tota! Alternative C::s 

D-20 

~~ 
zz:c:: 

::st !~) 

$Z!J,'!!3 
m,m 

!t!Z,:G: 
!bb,:□: 

$330J~0 
$220,03□ 
$77,01;0 
$19,EOO 

$176,0DO 
$26,400 

$220,000 
$26,40!J 

$220,000 
$9'24,000 
$52!!,0~ 
$176,00D 
$220,000 

$1,llb,000 
$26,'r.D 
$44,000 

$18,CDJ 

$5,037,(S] 
$1,007,410 

$503,1.E 

!c,548,165 
S9B'Z,Z25 

$7,Sll,000 

$331,936 
9 

$113,51! 

::<a:??0:9 

' -
nrrmri ..,__..,.,..,. 7r,rr~ .... , ____ 
. ~ ~ ........ 37::-~,. 

,,,,,, ........ 

::sts ($) ::s:s ($) 

$'.:M36 $392,Z;: 
;::,::64 $ll,223 

S-:2,SCD <I:' '39 ---... ~ .. ,~;.; 

$ob,=~~ $!l!,60C 

$:bS,:~c 65,QQO 
$110,CCC $.<?!:,DC~ 
~,SCO $129,SuC 
$9,9'JO $33,30~ 

$89,00D $296,000 
$13,Z!JD $44,400 

$1:□,~nn $.71.l,~ml 
$13,ZJO $44,40C 

$110,000 $370,DDO 
$4b2,000 $1,554,00C 
$264,DCO $888,000 

$89,CDO $296,000 
$110,Dm $370,0CT! 
$693,000 $2,331,000 
$13,475 $45,325 
$22,DD!l $74,0CO 

$12,000 $30,000 

sz,595,m $8,472,400 
$519,155 $1,694,496 
$259,578 $847,248 

$3,374,Sll $11,014,223 
$506,176 $1,652,134 

S3,ffi1,00!l $12,666,000 

$165,968 $558,256 
6 15 

$75,672 $189,180 

S5l5,00J $290,000 $897,000 

SB,06.S,[D] $4,171,000 $13,:b:3,000 

DUW 80036956 
BVL 

B-DUW2-2073429 



C:sts {$i 

Sarr.;:,: '·c =•:Qram 
;2:::'~e-, C:~-a (:~e ~e~ 4,iJOC vc3l $l,5CC /::re 
C~em; :a' A~a: vs; s ( c~e ~e~ ::ire) wate~wav decencie~t 

: : a~s~e · >a::::;e/Sc ! vent Stract i .:n/lJ, i anci Q: s~c:sa i 
Dike a~ci 3erm Cc~s t~:.;:t i :r $G. Ii I vc3 
::a~s~ei: o~ecc:e $!.25 /yci3 
3arqe 7rans~c~t (2 mi ies) $0.50 /v:'3 
·~:.;ck Transiicr: (2 :n: :es) S2J1 /vc3 
c:amsnee i :.in:uac $1.25 /vc3 
--er-:ia i : ~eat:nent m /vc:i 
~iner (1 ft ~lav) $1.40 /vc3 
Cai, (3 ft :iay) $4.20 MJ 
Reveqetatio~ $0.12 /vc3 
:~mtic:al ~ltic:atlcn $1.15 /va3 

r"cnitcrinq Wei Is $2,000 /wel: 

~total 
Cc~tinqencY (~) 
'1::bi i ::ati:m, 3cnd:~c:, !nsurance (1!l) 

Subtotal 
Mn in: st~at: ~, E~q i neer i nq ( 151.l 

Total Initial Costs 
cg,~ CCSiS - Present Ucr~ 

S: te :ia i ntenance ( 3ll Yr ) f,Q .16 / y,J3/ Yr 

~2:~~ ( v:} 

Area k2) 
:i:' :.;~e ( vc3) 
:~te~t: cia: (v:'3) 

f'bnitcr. Ide!! 
Chemical anal 

6 well/site 
1 sas/11111 I 

Annua I samo I i Ill! fer 5 vr 

Sl,511 /5a111le at JJead HYlebos 
Sl,llD /sa111le at l'cuth HYlebos 
Sl,511 /sasle at Sitwl 

SIDl /sasle at St. Paul 
S9lll /sasile at Middle 
$6ll /5a111le at ftuth Citv 

S1,51l /samPie at JJead City 
S1,21ll /sasile at lheler Os~ 
S2,Dl /Si1Ple at Rustcn-

Pt. Defiarn:e 
C:int i nqencv ( :m I 

Pment l.brth cf CU1 Costs 

~:C :-\1!2:~s 
"'arqe, 1C V!" 

' -··"' I.JT;,~r" -- 329:Jn" WW 

3'2SCTC ~ 24bi'.l~ 
~,,..,r'!r .. '--~- T.JC . :rcet :: vr 

C:s: ($1 C:sts {$} 

£:E,31:3 $?54, :3'2 
$33,554 $2S,t.:3 

;:23,2CC $123,t!D 
$:23, ~:~ $123,CCC 

s:3:,za~ $9!M:C 
;1.1~1:SO $307,5:0 
$164,CCO S:23,~0C 
$659,Z!lO $494,4bll 
Sl.lC,OCG $307,500 

$98 J fiCC I DCQ $73,000,000 
$459,200 $344,400 

$1,377,600 $! ,033,2!Jll 
$39,3W $29,52C 
521,DD!l $12,29] 
$12,000 $12,000 

$1C2, 7rr1.,':h7 S77,Da7,7?5 
$20,540,473 $15,417,555 
$10, Zi'!l, 237 $7, 7r.8, 778 

$133,513,077 Sllll,214, 100 
$20, 0'26, 962 SlS, 03'2, 116 

$153,540,000 $115,246,000 

$494,886 

6 
$34,11□ 

$635,000 

6 
$34,11□ 

$14,694 

Max. fie-
:.~ 
3b:□: 
mo 

~ 

"1ax. OE 
c~sts ($) 

SZ?,:93 
$2,789 

$123,CCC 
$123,JC: 

s1:,ac: 
$33,El 
$13,SC: 
$54,270 
$33,752 

$8,100,wO 
$37,BOC 

$113,4DC 
$3,24C 

${) 

$12,CC: 

!,8,~,192 
$1, 737,Bl! 

$868,919 

$11,295,949 
$1,694,39'2 

$12,990,000 

$4,320 

(101 Discount, 5 vr monitcrinq, 3ll vr maintenance) 
Ca:T ~ 

:ctal Aiter:iat:ve ~ts $154,115,000 $115,334,000 S13,03lu000 

0-21 
ouw 80036957 
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Costs ($) 

~eot~ (v::) 
~~ea (,~'2) 

ii::.~~e (,,::3) 
:~te~~: da: ( Y~3} 

Site ;:re:ia•at':i~ (:CY. S:te Ac~uis:t:c~) 
:a~::: : ·c =~::cram 

:E:::~e·t ::~~ ::~e * 4,CDO vc3) $1,SDD lore 
C~em: :a: ~na: vs is ( ~r.e =e~ ::re) waterwav de:ienca~t 

: 'a~s~e i ! ~rs::celSc: ver.t :xtract i :nil.Ji i and J; sccsa I 
Oike anc: Serm Constructi~r ~.4: lvd3 
,.., . 'In ' ~, amsne, , .irecce 
Bar~e '!' rans:crt ( 2 mi ! es) 

T~wd T~ans;iort (2 :ni Jes) 
Clamshe! I U:ii~c 
'!".~erma i T ~eatment 
~iner (1 ft :!av) 
Cao {3 ft ::av) 
Reveceta t i er. 
:ntert: cia ! ~it: :;at ion 

~niter inc Wei is 

Cont i nqem:v ( ZO,:) 
Mciii I i:ation, Bondinq, insurance (l[JX) 

Smtcta: 
~inistraticn, Enqineerir.q (lSX) 

$1.2'5 lvrS3 
$0 .SG lvd3 
$2.Dl lvo3 
$1.25 lvrS3 

$3(]0 MJ 
$1.40 lvrS3 
$4.2!; lvd3 
$0.12 /vo3 
$1,~ /vc3 

$2,000 /wel I 

Totai Initial Costs 
W1 COOTS - Present l.ibrth 

Site ?llilintenance (30 vrl 

~niter. well 
Chemical anal 

b well/site 
1 saBiP/1111II 

Ar.:iuai sa1PI inq fer S vr 

!ill.lo /vc3/vr 

Sl,:ill /sasle at fJead Hvlebos 
Sl,IDl /sa111le at ~ Hvlebos 
S1,5D /sasle at SitC'JIII 

ml /sami:ile at St. ~aul 
$9!Jl /sa11Dle at Middle 
ml ISUPle at f'bith Citv 

$1,:00 /sasle at fJead Citv 
$1,2!]] /sasle at lif,eeier Oscmd 
52,:m /sa111le at Rustcn-

Pt. Oetiarce 

Tarcet 
2 

2!7DCD 
L330~ 
:3"r~ 

-a~cet 
C::st {$) 

5447,314 
W,73! 

$'.b2,CCC 
$108,000 

$173,Z!lO 
$541,250 
$210,SGO 
!,87:;,33!) 

$541,250 
$1~,900,000 

$60b,200 
$1,B1B,600 

$51,960 
$145,ciO 
$12,000 

$lli,bl!,5$ 
$27,127,717 
$l3,Sb3,ffi9 

$176,3ll, 161 
$2b,449,S24 

$20'2, 700, 000 

$b9,2ED 

b 
$2'2, 740 

Ccntinqency (20%) $16,404 

Present l.ibrth ct (M Costs $110,(llJ 
( l[JX O i SC!lJ!lt, S vr 10n i tori nq, ll vr ma i nteranc 

CCST 9.ffliWf 

"t~t~ :-v: eocs .. 
1. Y"' "ax.€ 

2 z 
95110C 182!JQC 

:%'.JOO 1Y.OCO 
~ -

!~ Vt Yax. tfJ 
Costs ($) Costs {$) 

$7!!2.,479 $_,<?b,:33 
$Z,21.e $..,17,60 

$:62, □C: !1b2,:CD 
$108,~CD $1GS,::: 

$78,400 $11.S,bOC 
5245,0Dt! $455,~CD 
$98,000 $182,000 

$...'193,960 $73!,640 
$245,000 $1\.55,0DC 

$59,~,00!l $109,200,000 
$274,400 $5119,600 
'f6'23,2!lll $1,526,&l□ 
$23,SZ!l $43,6/!l 

$() $0 
$12,000 $12,000 

!.61,466,207 Sl13,94b,956 
$12,297,241 $2'2, 789,391 
$b,14S,b21 $11,394,696 

$79,93'Z,069 $148,131,043 
$11,989,610 S2'2,219,b56 

$91,9'ZZ,OOO Sl70,lil,OOO 

$31,:hO 

6 
$2'2, 740 

$10,821] 

$65,0lll 

$56,240 

6 
$2'2, 740 

$lb,19o 

$97,0l!l 

,.ctal Alternative Costs $2!J'Z I 89!J 1000 $911987 I 000 $170 J 448 J 000 

D-22 
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S::: A:::.;: s : : : =~ ! : ~: · a-v~~, 
:·::1 =:o-~~ar-a: ::- ;::1. :::: ~=:.;:s::·:-~ 

::'.:'.'!!e~: ::'."g {:~e :e~ !..1 ::~ v':3} 
c~.gm i :a: Ana'. YS is (:me oe~ 4,Q~C vd3! 

--:::;:a:::: ':v :::.:v 
See: ;ng!;! ~emova ' 

~~ke! ~c:~:::at::n 
~'."ed~e O::ie~at: ~~ C:s~ 
:ar~e "T"ra~socrt b :: 5 :ni :es) 
Ci amshe i : Uni r,a:! (Z!JO vd3/,~) 
T,:.;c:k '•ar:socr: (2 ~: :es) 
:~wtidal Miti~tian 

·rgatment and Disoosai 
~~~~ anci ~:.;r.-:H Contr!l I 

f'lcr.itorin~ We: :s 
~vs i meters (2!! ,er s i tel 

SJbtota: 
C:nt i nc:enc:v ( 201.l 
~i i izaticn, Bondinc:1, Insurance (1~) 

5Jbt:tai 
Administration, Enqineerinci (151.) 

:Jr.:: 
::m ($) 

;z;,::~ 
$!.:ZS !Yc'3 
$C. Sil /vci3 
$1.:ZS MJ 
$2.~1 /vci3 
$1.~ /vd3 

$0. 2!J /yrJ3 

$2,00C /wel ! 
$2Sil /eac:h 

==~~~ {vc, 
drg:1(vc2) 

V=; ~-me ( v::3) 
• 'I I 

{vc'3} ---~ert:~i 

'T"ctal Initial wts 
tl."l CCSTS - Present (.brtfl 

: ; te ma i ntenanc:e ( ll vr l SO. 3'Z I vrS3 

~r cf ll!Or.itorir,q wells 
Chemical analvsis 1 5a1Ples/wel I 

1 wel 1/2SO'.ll vd3 (15 max, 6 min) 
$1,500 /sa111Ple at Pead Hvlebas 
$1,!Dl /samcle at ltluth Hvlebas 
$1,500 /sa.,le at Site.a ~i-annual Iv tor Year 1 to 5 

Everv t1110 ...ears tar YNI' 6 ta ll $8ll /5aJ1101e at St. Paul 
$900 /sa1111le at Middle 
$1llll /sa!lllle at lbJth Citv 

Ct'ST 9.tt'iWf 

Sl,500 /sa11111le at Pead Citv 
$1,Z!JO /sa.,le at I.heeler Osad 
$2,llO /sa11r:ile at Ruston-

Cant i Mel'CY (~) 

Present ~th ct CU! Costs 
mi D:sc:ount, ll vrl 

Tctai Alternative Costs 

Pt. Detianc:e 

D-23 

" ~ ...... 
li...,l7Ut;~ 

3'29i..iu~ 
:Z:~: 

Ta~:=:: 
::st ($) 

$5,082,645 
35CS,264 

$123,:~ 
$:23,0:JC 
,::~,::: 

$ll,OCO 
$1.:C,OOC 
$164,000 
$410,000 
$659,23] 
$21,000 

i65,6ull 

SZb,000 
$5,000 

$7,717,789 
$1,543,558 

$771,719 

$10,033,126 
$1,:il4,969 

Sll,Sll,000 

13 
$21l4,945 

~c::.;..,, -~=· -
3'29CC: 
24bC:: 

7':!: 
:: v• 

~ ........ '.$) --~ -= 

$3,8!:,9A.J 
$::-S!, :9!! 

$:23,::c 
$;23,::: 
;:::,:~ 

~,:c: 
$307,5.JO 
$123,000 
$307,SC!O 
$494,460 
$12,250 

$1.9,2Il0 

$12,000 
$5,000 

$S' 87[] J 09'2 
$1,174,018 

$SS7,009 

$7,631,119 
$1,144,668 

"8,776,000 

$78,720 

6 
$94)59!] 

:. 7: 
;62□: 
27.;:: 

'"ax. Ile.-: 
::;1:: 1:• ,./ 

$1.!U?E 
$1.1,839 

$'.23,::: 
$:23,::c 
;1:c,::: 

;zs,:co 
$33,?SC 
$13,SGO 
$33,iSJ 
a,m 

${j 

$5,400 

$12,00C 
$5,0CIJ 

~,897 
$196,719 
$98,390 

$1,m,066 
$191,BW 

$1,471,000 

"8,640 

6 
$94,590 

S238, 944 S34, 662 S2ll, 646 

$1,434,IDl $200,000 $124i000 

$12,972,IDJ "8,984,000 $1,595,000 

B-DUW2-2073432 



S!:e AcQu:s:~;=~ {: f-t :ave,.} 
::-:~ :: .. ~::ara-::::: (::,. S'.:~ _11c::~'.s>:::~} 

~~:~e~: ::~e (:~e :e~ ~J=~c YC3) 
C~e~i:a' Anaivsis (one :ier 4,0JG Y:3) 

Sed; me~t Re!llcva · 

□~ed~e o~e:-a:; :if; C~: 
3a:-=e '!"~ans;,c:-~ (;;p t:: 5 mi '.2s) 
CI amsrie ! i Un: :ia:: ( ZQQ v~3/h~) 
·•~=~ :-~ars~crt (2 ::,: :esl 
Intertidal MitiQati □n 

·~ea::ner.t ar.c JisPcsal 
~Jr.-:ln and R!.'11'"'0tf Cor.trc I 

rtlnitcrinQ We! is 
'..vs i ~eters (2!] :ier site) 

iibt:ita: 
C:nti~cencv (201.) 

lmi ! :zaticn, Bondinci, Insurance (Hit;) 

::;::t:ta! 
Administration, Enqineerinq (151.) 

... '. ,.;· .... 
::s:s ($) 

$25,:00 /y,:.3 

$: ,500 /::re 
waterway dePendent 

;:~:,:~ 

$2!l,DOO 
$1.25 /ye:, 
$ll.:il /vd3 
$1.25 /yd3 
$2.01 /yd3 
$1.75 /yd3 

$0.20 /ye:, 

$2,000 /wei ! 
$2:il /each 

~ePt~ (ye;) 

area( v:2) 
½!ume (vc'3) 
::".~=r:::a; (vc'3) 

Total Initial C::JSts 
C&M CCSTS - Present l.brtf-

Site ~intenance (II vr) 

N.Jmber at man i tori nq we 11 s 
:::~e11ica: anaivsis 

$0.32 lvo!i 

1 SilOles/wel I 

Sell i-annua 11 v fer vear 1 to 5 
Everv b10 vears for vear 6 ta ll 

1 wel 1/251Dl vd3 (15 max, 6 min) 
Sl,5)) lsaaPie at fJead Hvlebcs 
Sl,Ollll /samole at 'hit!, Hviebos 
$1,::llO /sa1111le at Sito.a 

$IDl /samole at St. Paui 
$900 /sa111le at Middle 
$ID] /sasie at 'hlth Cit11 

CCST ~ 

S1,5ll /sa1111le at i-1!ad Cit11 
Sl, 2l!l /sas I e at IJ,ee I er OsCIOOd 
$2,300 /sa11111 I e at Ruston-

CcntiMel'C\I (~) 

Present l.brth at WI Costs 
(l□l Discamt, ll vrl 

7otai Alternative Costs 

D-24 

Pt. Defiance 

z 
217000 
433er.ri 

:..<ODO 
-~••o• -· ... _. 

::st ($) 

$6, 7t'9, 711 
$670,971 

$162,000 
$1G8,GOG 
$1QC,GOO 

$2D,~OO 
$541,250 
$216,500 
$541,cll 
!i870,3ll 
$145,250 

$clb,b00 

$ll,OOO 
$5,000 

$10,20b,&2 
$2,041,372 
$1,020,~ 

$13,2b8,9'Z!J 
$1,990,3:J! 

$15,259,000 

$1l!,560 

15 
$157,650 

~;.;t~ ~: ebc::s 
2 2 

9&00 '.:Z:CC 
:96CGC 361.:□: 

J -
10 \I!' rtx. t£ 

::sts ($) ::sts ($) 

$3,037, 19!J $5,64~,49b 
$_,1(;3 I 7; 9 S:--64,050 

$i62,JOO $162,~:o 
$1:8,:~: $108,QCC 
$:QO,:□D $l □c,:co 

$ZJ,DCO $2D,QCO 
$245,00Q $455,00~ 
$98,000 $182,DC~ 

$245,000 $455,0CD 
$393,96[] $731,640 

$0 $0 

$39,200 $72,IDJ 

$ll,OOO $ll,OOC 
$5, Ollll $5,000 

$4,787,069 $8,525,985 
ffi7,414 $1, 7IE, 197 
$478,707 W,599 

$6,ZZ3,191l $1l,rE3,781 
$933,478 $1,662,567 

$7,157,000 $12,74b,OOO 

$62, 72!] 

15 
$157,650 

$116,48'.l 

15 
$157,650 

f:/1,242 $44,074 $54,826 

SliS,[DJ $2.64, 000 $329 ,(DJ 

DUW 80036960 
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Sam~: '. ,c: = .. =Q~a!!' 
:eci:ner.t ::rg (::-e !12!" 4,::: v::, 
cne!!! i ::a; Ana i YS ! s ( u~e ~e~ ::~!} wate~wai,, de~er.cie::: 

-'vcraw: ': Jrecc:ie/Sc i : ff :at: =~/!,;p: ar.ci D: SPOSa I 
Dike and 3erm Constr:i:::::r $Q,4u /vc'3 
:: :r: •::a:::~ .nit C::-:st~L!::t:c~ $0. !C /vd3 
Cutter~ead (3 m1 ie trans:ior:l 
~'~e; :~e 3ocsters (2 c:nitsl 
~:ner (3 •t ciav) 
>:2r:rai ~ 
Chemical Ciarifimicr 
Soi idifi::aticn 
Caver (3 tt :!av or soi I) 
~evecietat i en 

t'onitcrinC1 Ue: :s 

5.:btctal 
Ccntin~ncv (ZO,:) 
'tb i I : :at i :n, Send i r.ci, Insurance ( 1~) 

5:Jbtctai 
Mninistraticn, E~cii~eerinq (lSX) 

$1.5:; M.3 
$1.SO /vd3 
$4.20 /yd3 
$0.12 /ytf3 
$0.l5 /y,jJ 

$25.00 /ytf3 
$4.20 /y,jJ 
$0.12 /y,jJ 

$2,000 /wel i 

Total Initial Casts 
WI :.NIT CCSTS 

Si te ma i ntenarce I 31J vr) 

llcni tar i ~ci we 
C,esicai anal 

li wells/site 
1 saaile/wel I 

Annua I sasi Ii 11!1 far 5 Yr 

Centi nqercv (ZO,:l 

Sl,200 /saaile 
S1,21Jl /sasle 

Present lath ct (VI Casts 

Je:i:~ (v:! 

~r-e: {1rc2} 

V::::rne (v:::) 

(t~ Discount, ll Yr !llilintenana, 5 vr :ncnitcrinq) 
((ET 9.tf"MV 

:'otal Alternative Costs 

D-25 

:::::::::: : 

-
"."lr""~~ __ .,. __ ~~ 

,,.,.. ... 
1 ~ ~-~~--'9-,,.--- ··----

::s: ($) ::s:s {$) 

~,2'73 $::3,b36 
u'.?,?l? $11,364 

:i82, :i!C :i82,5CC 
$l:o,OCC $l:o,::: 

$85,GOC $44,QOC 
$22,000 $11,::: 

m:!,000 $165,JOO 
$220,000 $1:□ ,ocr: 
$9'24,000 $4&2,0II 

$2&,400 $13,Z:C 
S'TT,000 $39,5."C 

S5' !:00, 000 $2, 150, 000 
$9'24,000 $4&2,00C 
$2&,400 $13,200 

SlZ,000 $12,0GC 

fi8' 548, 3llO $4' li4' 400 
Sl,iUMbO "870,800 

r,ffi4 ' 83IJ $435,440 

$11, 112, 79!J $5 ,&6D' 72lJ 
St,66&,919 "849,100 

SlZ, i'Bl, DOil Sb,510,00C 

$331,9:c S165,9fB 

b b 
$27,283 $27,283 

$71,645 Gl,651 

S431, 000 S2lZ, ODO 

S13,211,l!ltl $c,7/i2,!Dl 

DUW 80036961 
BVL 

B-DUW2-2073434 



Sai!:~ · : .,c =11':c;r.a!r 

:eC:me!'!t C::-: {::-: ,e ... !.,~~C v:3) 
C~em i :a i Ana: vs: s ( :ne oer :J~e) wate~..av ce~e•de~: 

:.:..,,=~au; : : J~ecce/Sc ! ; :i: :at: ~~,Ji' =~C: J; s,osa i 

Cutte~Mead (3 mi le trans~o~t, 
:J:::2: '~e ~:sta~s (2 "nits) 
~:r.e~ (3 ft :iav) 

C~emi:al Ciarikatior 
~: :::ifi:ation 
Cover (3 ft c:lav o~ soi!) 
~ve<letat i ~!'1 

rtlnitorini. We! is 

5.Jbtotal 
Conti ni.enc:v (207.) 

"'cbi 'izat:~, 3or.ci:,i., !nsuranc:e (::XJ 

5.Jbtota! 
6cministrat:cn, ::~i.ineerini. (157.) 

$C.f.: /v::'3 
$0.10 /ye:, 
$1.5'2 /v::3 
$1.CTJ /vr:.'3 
$4.Z!l /vd3 
$0.12 /vd3 
$0.35 /vc'3 

r.5.~ /vo3 
$4,Z!J /vo3 
$0.12 /ve3 

Total Initial Costs 
W. LN!: CCSTS 

!tnitorini. we 
Cl,em i ca I ana I 

b 111ells/site 
1 sa111ie/11ell $1,Z!JO /Sc111Ple 

Sl,2!ll /sa111Ple 
Annua ! sa111P I i ng for 5 vr 

Conti nqency ( 207.) 

Present l.ii:Jrth of CU1 Costs 

~-ea !vc2) 
Ve: ~me ( v::'3) 

rn,; Oiso.-nt, ll vr :nai:1:2rance, 5 vr :nonitcrir,q) 

"!':Jtal Alternative Costs 

D-26 

3"}1~~~~ 

37:::: 

2 

$382 J 23: $1;.54 , ~ 

£2:223 $45,45 

s:39,SCO ;139,Si!D 
$:::,b-~~ $:::,be: 

$148,JGC $l7b,DC~ 
$37,~ 

$555,000 
$3712, DOI! 

$1,554,000 
$44,1.00 

$129,:00 

$44,:.liD 

;iJ.C,~ 
$1,848, □0: 

$52,800 
$154,00D 

$9,250,0CO $11,000,000 
$1,554,000 $1,848,000 

'44,400 $52,800 

$12,000 $12,0DC 

$14,3b9,f£5 S17,Dll, 700 
$2,873,971 $3,407, 74() 
$1,43b,9ffi $1,703,870 

$18,bal,811 $22, 15G,31Q 
$2,002,122 $3,322,547 

$21,483, Oil] S25, 473, □DD 

m,8 !il:ib3,872 

b 
$2'7,ZEB 

Si'll3, Oll S829, 000 

DUW 80036962 
BVL 
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T.ABL£ D- . l.hit Casts frr ~ial Jctivities. 

IN ITI.6L cmrs 

5.ryling ~ram 

l.hit 

costs m 

Sedina,t_ Core (c:ne t:.er 4,0CO )':i3 of cle,;nip '.'Olu,e) 
Clmical .Analy5is (me~ ccre) 

$1,500 /rue 
liatEney~t 

OJtterhead ~ 
Pipeline Boc6ter 
Clntell 9.£~ ltdificatiCJ'l 
Clainstell hlge 
Barge TranslX)l't (up to 5 miles) 

$1.50 /)':i3 
$0.50 /yd3 

Tru=k Trwp:rt (2 1iles ra.rd trip, 2 1~/lr) 

$20,000 
$1.25 /)':i3 
$0.50 /yd3 
$2.01 /yd3 

Tre!ltm!nt 

So lidificaticn 
So 1'v&lt &.tracticn 
Tl'erma l T re!ltllSlt 
Chellica l ClarificatiCJ'l 
Land Tl'elltllll'lt Treetability SM)' 

DisJDal 

Site k(JJisitiCJ'l (Nwst-ae) 
Site k(JJisitiCJ'l (Upl.nl) 
Site Prer,aratiCJ'l 
Oil,a .nl eer. (Nwsta-8) 
Di~ nl Sn (Up1.nl) 
Clarificaticn Lnft (Nearsllre) 
Clarificaticn Lnft (Upl.nl) 
Clay Cap (3 ft o.w 15 ft f111, Uplnl) 
Clay Cap (3 ft r:IM' 30 ft fill, Nwshre} 
Clay Liner (3 ft) 
Clay Liner (1 ft) 
5',ottetic Liner (30 111 aityl/EPIJI) 
Crafnage Ss1dl(hwl (1 ft) 
thdrcNfn (Leachate Collecti<J1) 
lul-al and b-off Caltrols (Land Treatllll'lt} 
T0150fl Vegatatfw la}W' (2 ft) 
R!Mgetatfal 
lh:leneter Diffuser (fer ~tar CID) 

Intertidal Mitigaticn 

Cl_. 11 ~ of Capping ,aterfa ls 
Barge Transp:rt (141 to 5 1iles) 

Instftutia;al Ccntrol .nl ltrlita-fng 

$22.00 /yd3 
$120.00 /yd3 
$300.00 /yd3 

$0.35 /yd3 
$100,000 

$43,000 /,ae 
,,-5, JOO /,ue 

10\ of Site kcJJisitiCJ'l 
$0. 70 /yd3 
$UO /yd3 
$0.18 /yd3 
$0.10 /yd3 
$UO /yd3 
S2.10 /yd3 
$4.20 /ydl 
$U0 /ydl 
$1.00 /yd3 
$0.80 /ydl 
$0.12 /yd3 
$0.20 /yd3 
$0.60 /yd3 
$0.12 /yd3 
$1.20 /yd3 

D-27 
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TABLE 0-1. lhit Gusts for ~ial .Activities. 

Sedirrs,t en ~les 
ritnitoring lrells 
Sig,s for .Accsss Restrictia'\ 

Ca,t irgency 

!tbilizatia'\, Baiding, m !rtS1Jr~ 

MninistratiJl m fr-Jireering 

Eru:aticna 1 Prajr• fer lnstituticna 1 Ca,tro 1 

Site Insi;e:tiai m i!aintairice for 
In-situ capping 
Caifined aq.iatic disp:isa l 
Nearsrae disp:sa 1 
Uplm disp:isal 
lsd treatll'Slt 

bitoring Prajraai (5 to 30 years) 

lblitoring Staticr6 m \tells 
t statia'l/~. 30 staticr6 maxil!I.JII per wateiw; 

lhit 
costs ($) 

$1,500 /et:1:'e 
$2,000 /,e 11 

$25,000 /watrney 

20\ of Initia 1 Cost 

10\ of Initia 1 Cost m 
Ca,t i nga-cy Cost 

15\ of Initial Ccm, Caitings"CY, 
m ltbilizatiai Cost 

$15,000 /water,ay/yr 

$0.10 /yJ2/yr 
$0.08 /yd3/yr 
$0. 08 /yd3/yr 
$0. 16 /yd3/yr 
$0.32 /yJ3/yr 

1 ,ell/25,000 yd3, 111ininun 6 and ll'llXiu 15 iells per disp:isal site w/o treatllB'lt 
6 .ells per disp:isal site w/ treatllB'lt 

L~iireters (20 per site fer land treatllB'lt)a 

et-snical ~ling m .wlJW 
3 ~les/statiai er 1 ~le/.811 

Ca,tings"CY 

?resait ~ of Total CM Cost CalOJlated a1 

10\ OiSCCUlt Rate, 5 to 30 ~ 

$250 /e«.h 

$1,200 /saaple 

~ of CM Cost 

TOTAL ALIDNATIVE CtGT = Total Initial Cost + Presalt lrtrth of Total CM Cost 

D-28 
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